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Chapter  1 


INTRODUCTION  TO  THE  RESEARCH 

OVERVIEW 

The  Air  Force  Civil  Engineering  activity  la  tasked  with 
acquiring,  constructing ,  repairing,  maintaining,  and  operating  real 
property  facilities,  as  well  as  providing  related  management,  engi¬ 
neering  and  other  support  work  and  services  (12x2).  In  short,  the 
Civil  Engineering  mission  Is  service.  The  organisation  Is  generally 
the  largest  service  organization  on  base  and  usually  spends  40  to  60 
percent  of  the  total  operations  and  maintenance  budget  of  the  base 
(3x1). 

Within  the  tasks  of  constructing,  repairing,  and  maintaining 
real  property  facilities  falls  most  of  the  wort  which  is  accomplished 
by  the  Civil  Engineering  work  order.  The  work  order  is  used  for 
virtually  all  minor  construction  work  and  for  complex  or  special 
interest  maintenance  or  repair  work,  which  Is  performed  by  the  Base 
Civil  Engineering  (BCE)  in-service  work  force  (I4jp.8-l).  Minor 
construction  refers  to  alteration,  additions,  charges,  or  new  con¬ 
struction  required  to  provide  adequate  facilities  for  accomplishing 
the  mission,  and  is  generally  limited  to  $75iOOO  in  cost.  Maintenance 
refers  to  the  recurrent,  day-to-day,  periodic  or  scheduled  work  required 
to  preserve  facilities  In  such  a  state  that  they  may  be  used  effectively 
for  accomplishing  their  mission;  and  repair  refers  to  work  required  to 


return  a  facility  to  Its  effective  operating  state  (13*P«2-l). 

These  work  requirements  are  Identified  to  Civil  Engineering  by 
various  methods  which  are  herein  referred  to  as  work  requests.  These 
work  requests  go  through  a  series  of  processes  which  may  Include 
review,  estimation,  and  approval  before  some  of  them  become  work 
orders  (l^iCh.4).  Once  a  work  request  becomes  a  work  order,  the 
series  of  processes  continues  with  steps  such  as  programming,  planning, 
authorization,  materials  acquisition,  and  scheduling  prior  to  work 
accomplishment  (14:Ch.8).  This  series  of  processes  constitutes  the 
work  request/work  order  system.  In  processing  these  work  requests/ 
work  orders  through  this  system  of  processes,  a  number  of  decisions 
must  be  made  at  various  stages  (lAtCh.4,8).  Decision  rules  are  used 
In  making  these  decisions.  Some  of  the  decision  rules  are  statutory, 
but  many  are  locally  established  and  Informal. 

PROBLEM  STATUE  NT 

A  need  exists  for  a  systemic  mathematical  model  of  the  Base 
Civil  Engineering  work  request/work  order  processing  system.  Such  a 
model  could  provide  accurate  probabilistic  estimates  of  the  time  to 
completion  of  work  orders.  These  estimates  could  help  to  improve  the 
credibility  of  the  3CE  organization.  Such  a  model  could  also  be  useful 
in  the  evaluation  of  possible  changes  to  the  system  or  to  decision 
rules  employed  In  the  system. 

JUSTIFICATION 

As  mentioned  above,  a  model  of  the  work  request/work  order 


processing  system  could  be  useful  in  two  ways:  as  an  aid  to  estimation 
of  the  time  to  completion  and  to  evaluate  changes  in  the  system. 

The  Model  as  an  Estimation  Tool 

A  systemic  mathematical  model  could  provide  accurate  probabi¬ 
listic  estimates  of  the  time  to  completion  of  work  orders.  These 
estimates  could  help  to  improve  the  credibility  of  the  BCE  organisation. 

Credibility  in  meetly  commitments  is  one  of  the  most  important 
criteria  by  which  Base  Civil  Engineering  i r  judged  (3« 36,59).  The 
customers  of  Civil  Engineering,  like  customers  of  any  service  activity, 
are  interested  in  knowirg  when  they  might  expect  the  services  or  work 
they  requested.  This  knowledge  often  helps  the  customer  and  his 
organization  to  plan  for  the  inconvenience  of  mission  jeopardy  caused 
by  not  having  the  work  performed  immediately. 

Limited  resources  and  legal  controls  require  that  Jobs  be 
reviewed,  evaluated,  approved,  controlled,  and  scheduled  and  that 
required  materials  be  determined  and  obtained.  All  of  these  processes 
require  time,  not  only  for  accomplishment,  but  also  a  waiting  time  to 
be  processed.  The  processing  times  vary  according  to  the  complexity 
and  type  of  work  Involved  and  the  availability  of  resources  for  the 
Job.  The  waiting  times  vary  according  to  the  number  of  other  Jobs  in 
the  system  and  the  number  of  people  available  to  process  the  jobs. 

A  valid  model  of  the  system  based  on  mathematical  relationships 
of  the  factors  in  the  system  might  be  able  to  generate  a  probability 
distribution  function  which  could  be  used  to  accurately  predict  a  time- 
frame  within  *\lch  a  job  should  be  completed  (IO15).  Subsequent 
completion  within  that  timeframe  should  Improve  the  credibility  of  the 


3ase  Civil  Engineering  organization. 


The  Model  as  an  Evaluation  Tool 

A  systemic  mathematical  model  could  be  useful  In  evaluation  of 
possible  changes  to  the  system,  or  changes  to  decision  rules  employed 
within  the  system.  Changes  to  the  work  request/work  order  processing 
system,  or  to  the  decision  rules  employed  within  that  system,  arise 
for  many  reasons.  Governing  directives  and  policies  on  the  amount  of 
control  required  on  specific  types  of  work,  the  organizational  structure 
of  Civil  Engineering,  and  financial  management  all  have  some  effect  on 
this  system.  Locally  established  controls  and  decisions  such  as  fre¬ 
quency  of  Facilities  Board  meetings,  where  some  types  of  work  must  be 
approved,  have  their  effect  on  the  system.  Changes  to  decision  rules, 
such  as  the  level  of  complexity  which  warrants  accomplishment  by 
contract,  have  their  effect  on  the  system.  Also,  changes  which  could 
improve  the  system  or  the  quantity  or  quality  of  support  the  BCE  could 
provide  are  frequently  suggested  by  the  people  who  wort  in  the 
system. 

Some  of  these  changes  undergo  an  extensive  test  at  one  or  more 
bases  to  determine  what  the  effects  will  be.  This  is  an  expensive 
and  time-consuming  process.  If  the  test  proves  unsuccessful,  the  test 
base  has  been  disrupted  by  the  change  to  accommodate  the  test  and  again 
disrupted  by  the  change  back  to  the  previous  situation.  If  the  test 
proves  successful,  the  length  of  the  test  is  time  that  could  have  been 
used  to  implement  on  a  wider  scale. 

Other  changes  which  affect  the  system  are  implemented  without 
testing.  With  these  changes,  high  levels  of  risk  are  Incurred  due  to 
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uncertainty  of  the  net  effect  of  the  change. 


Some  possibly  productive  changes  are  never  implemented  or  tested 
because  the  risk  Is  too  great  or  the  understanding  of  the  system  Is  too 
low  to  provide  the  intuitive  reasoning  necessary  to  Indicate  that  the 
changes  could  Improve  the  system. 

A  valid  and  flexible  simulation  model  of  the  system,  based  upon 
mathematical  relationships  of  the  factors  in  the  system,  could  enable 
proposed  changes  to  be  evaluated  without  risk,  with  relatively  little 
expense,  and  in  a  very  *ort  period  of  time  (2i^77j  ll«W*9-^50). 

Such  evaluation  could  provide  data  on  average  processing  times,  dis¬ 
tribution  of  processing  times,  and  number  of  workers  required  at  the 
various  processing  points.  This  data  could  be  compared  to  the  data 
from  the  model  prior  to  the  changes;  and  the  value  of  the  changed 
average  processing  time,  etc.  could  be  compared  to  the  value  of  other 
effects  of  the  change,  3uch  as  control  gained  or  lost. 

Therefore,  a  model  of  the  work  request/work  order  processing 
system  needs  to  be  designed  to  provide  accurate  estimates  of  the  time 
to  completion  of  work  orders  and  to  provide  a  means  for  evaluation  of 
changes  in  the  system.  These  requirements  can  be  stated  as  specific 
research  objectives. 

SCOPE  OF  THE  RESEARCH 


Research  Objectives 

The  objectives  of  this  research  effort  werej 
1.  To  describe  the  Base  Civil  Engineering  (BCE)  work  request/ 
work  order  processing  system  using  the  systems  approach. 
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2.  To  develop  a  conceptual  model  of  the  BCE  work  request/work 
order  processing  system. 

3.  To  operationalize  the  model  through  computer  simulation. 

4.  To  Internally  and  externally  validate  the  model. 

5.  To  assess  the  model's  ability  to  accurately  predict  a  range 
of  time  in  which  work  orders  will  be  completed. 

6.  To  assess  the  model's  utility  as  a  tool  for  evaluating 
changes  to  the  work  request/work  order  processing  system. 

Limitations 

Due  to  the  limited  resources  of  the  researchers,  certain  limi¬ 
tations  were  placed  on  this  research: 

1.  The  system  was  defined  to  be  the  In-service  work  request/ 
work  order  processing  system  from  receipt  of  request  through  completion 
of  work  by  the  shops  or  other  dispositions;  such  as  the  decision  that 
the  work  should  be  accomplished  by  contract  or  by  Civil  Engineering  job 
order,  that  the  work  requested  Is  not  approved,  or  that  the  work  request 
Is  not  acceptable.  Requests  sure  considered  received  upon  receipt  of 
A F  Form  332 ,  3CE  Work  Request,  or  decision  that  work  requested  on 
AF  Fora  1135*  BCE  Real  Property  Maintenance  Request  (See  Appendix  A) 
might  be  appropriate  work  for  accomplishment  by  work  order.  Requests 
for  approval  of  work  for  self-help  accomplishment  were  not  modeled  as 
entering  this  system.  This  limitation  prevents  any  generalization  that 
the  model  represents  the  entire  work  processing  system  as  It  exists  In 
reality,  because  the  portions  of  the  system  which  are  being  modeled  are 
Impacted  to  varying  degrees  by  Job  orders,  contract  work,  self-help 
work,  recurring  maintenance,  etc.  Imposition  of  this  limitation  allowed 
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5.  What  type  of  input  13  needed  for  the  model? 

6.  What  assumptions  must  be  made  in  order  to  model  the  system? 

7.  Can  a  simulation  model  of  the  system  be  operationalized? 

8.  How  can  the  internal  validity  of  the  model  be  tested? 

9.  How  can  the  external  validity  of  the  model  be  tested? 

10.  Is  the  model  internally  valid? 

11.  Is  the  model  externally  valid? 

12.  How  sensitive  is  the  model  to  changes  in  the  variables? 

13.  How  well  does  the  model  predict  a  range  of  time  in  which 
work  orders  will  be  completed? 

14.  How  well  does  the  model  predict  changes  in  processing  time 
or  number  of  people  required,  as  a  result  of  changes  to  the  system  or 
decision  rules? 


BACKGROUND  INFORMATION 


Current  Situation 

The  BCE  work  request/work  order  processing  system  is  operated 
by  the  Civil  Engineering  Organization.  3efore  this  system  13  described, 
it  may  be  beneficial  to  briefly  describe  the  organizational  structure 
within  which  the  system  is  operated. 

At  major  Installations,  the  Base  Civil  Engineer  (BCE*)  works 
directly  for  the  Installation  Commander.  Beneath  the  3CE  are  typically 
six  or  seven  branches)  Industrial  Engineering;  Squadron  Section  and 

*3CE  is  the  common  abbreviation  for  both  Base  Civil  Engineer  and 
Base  Civil  Engineering.  The  meaning  should  be  clear  from  the  context. 
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Engineer  Organisation  Chart 


Base  Civil  Engineering  Organisation  Chart  Cl2il9l 


Administration;  Fire  Protection;  Family  Housing  Management;  Engineering 
and  Environmental  Planning;  and  Operations.  Financial  Management  may  or 
may  not  be  considered  a  branch.  The  standard  Base  Civil  Engineer  Organi¬ 
zation  Chart  is  shown  at  Figure  1.  The  Operations  3 ranch ,  and  more 
specifically  the  Resources  and  Requirements  Section,  13  responsible  for 
work  identification,  work  request  receipt,  and  work  request  and  work 
order  processing,  control,  planning,  material  acquisition,  and  scheduling. 
The  Resources  and  Requirements  (R  4  R)  Section  is  composed  of  three 
separate  sub-sections s  Production  Control,  Planning,  and  Material 
Control.  Production  Control  contains  a  Customer  Service  Unit  with  a 
Service  Call  sub-unit,  and  contains  the  programmers  and  schedulers  which 
will  be  discussed  as  a  part  of  the  overall  system  (12:15). 

The  procedures  for  processing  work  requests  are  described  in 
AFR  85-1.  Chapter  4;  and  the  procedures  for  processing  in-service  work 
orders  are  described  in  AFR  85-1 ,  Chapter  8.  A  brief  overview  along 
with  a  flowchart  of  the  work  request  portion  of  the  system  (Figure  2) 
and  a  flowchart  of  the  work  order  portion  of  the  system  (Figure  3)  will 
be  provided  here. 

The  work  requests  enter  the  system  upon  arrival  at  the  Customer 
Service  Unit  (CSU).  The  CSU  reviews  the  request  to  Insure  that  the 
request  has  been  properly  prepared;  that  all  required  coordinations 
have  been  obtained;  and  that  the  work  is  a  BCE  responsibility,  is  not 
already  identified,  supports  the  planned  use  of  the  facility,  and  is  a 
solution  to  the  problem.  If  acceptable,  each  request  is  logged  in  and 
assigned  a  control  number.  Then  a  decision  is  made  on  whether  assis¬ 
tance,  such  as  on-site  investigation,  resource  estimate  or  technical 
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evaluation,  ia  needed  prior  to  an  approval  decision.  If  assistance  is 
needed,  each  request  is  routed  to  the  office  which  can  assist.  Upon 
coapletion  of  the  assistance  process,  recommendations  on  method  of 
accomplishment  are  made  by  the  CSU,  and  a  determination  of  proper 
approval  level  is  made.  Each  request  is  then  routed  through  channels 
to  the  proper  approval  authority  (14ipp.4-l,4-2). 

Requests  »hlch  were  initially  unacceptable  or  which  are  dis¬ 
approved  by  proper  authority  are  processed  out  of  the  system  back  to  the 
requestor  with  an  explanation  (14tpp.4-2,4-3) . 

Approved  work  requests  are  processed  by  the  CSU  into  one  of  four 
work  accomplishment  methods*  contract,  self-help  work  order,  in-service 
Job  order,  or  in-service  work  order  (14jpp.4-2,4-3) . 

This  study  has  been  limited  to  the  work  request/ in- service  work 
order  system.  Therefore,  work  to  be  accomplished  by  contract  or  in- 
service  Job  order  will  be  assumed  to  leave  the  system  once  processed  by 
CSU,  while  requests  for  self-help  accomplishment  will  be  assumed  to 
never  enter  the  system. 

Approved  work  requests  which  are  to  be  accomplished  by  the  in- 
service  work  order  method  are  processed  into  the  work  order  portion  of 
the  system  by  the  CSU’s  preparation  of  the  draft  AF  Form  327,  3ase  Civil 
Engineer  Work  Order.  The  programmer  then  reviews  the  work  order, 
records  its  status,  and  forwards  it  to  the  Planning  Section  for  detailed 
planning  and  preparation  of  AF  Fora  1445,  Materials  and  Equipment  List 
(14,p.8-2). 

’rfhen  the  planning  process  is  complete,  each  work  order  is 
returned  to  the  programmer  for  records  updating.  The  work  order  is 
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then  forwarded  to  the  Chief  of  R  *  R  for  review  and  authorisation.  This 


authorisation  Is  the  certification  that  the  job  has  been  approved  and 
that  resources  In  the  fora  of  shop  labor  and  money  for  materials  may 
be  legally  used  on  that  job  as  planned.  If  funds  are  not  available  for 
a  particular  work  order,  the  work  order  must  wait  until  funds  can  be 
obtained  (l4tp.8-2). 

When  authorisation  and  funding  have  been  completed,  the  work 
order  records  are  updated  by  the  programmers  and  If  materials  are 
needed,  the  work  order  Is  sent  to  Material  Control  to  obtain  materials. 
When  materials  are  all  available,  the  programmer  again  receives  the  work 
order,  then  updates  the  record  and  programs  the  wort  into  the  In-Service 
Work  Plan  for  a  particular  month  (l4ip.8-2).  Prior  to  the  beginning  of 
the  programmed  month,  the  wort  order  Is  given  to  the  scheduler  who,  with 
the  help  of  the  shop  foreman,  schedules  the  job  for  a  particular  week 
and  day(s)  that  the  work  will  be  accomplished  (14 i pp . 8-2 , 14-2 ) .  When 
the  Job  is  scheduled,  consideration  is  given  to  availability  of  man¬ 
power,  equipment  and  vehicles,  and  Job  site,  as  well  as  proper  Job 
sequencing  among  the  different  shops  working  on  the  3ame  wort  order 
(14 :pp. 14-2, 14-3).  The  wort  order  is  then  turned  over  to  the  shcp  and 
the  work  is  accomplished. 

Since  the  impact  on  the  customer  is  generally  completed  when  the 
work  Itself  Is  completed,  this  completion  will  be  operationally  defined 
to  be  the  end  of  our  work  request/work  order  system.  In  reality,  each 
work  order  undergoes  several  other  processes  In  paperwork  completion  and 
records  keeping  before  the  Civil  Engineering  personnel  could  consider 
the  Job  complete. 
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Recent  Studies 


The  Civil  Engineering  Systems  Division  of  the  Air  Force  Data 
Systems  Design  Center  (AFDSDC)  has  conducted  several  studies  in  the  area 
of  Civil  Engineering  maintenance  and  management.  Of  the  studies  con¬ 
ducted  thus  far,  none  have  attempted  any  fora  of  modeling.  Only  one 
study  (4),  completed  in  1973*  has  dealt  with  the  area  of  work  request/ 
work  order  processing.  This  particular  study  Investigated  the  potential 
of  utilizing  data  processing  techniques  to  improve  BCE  procedures  for 
maintaining  the  In-Service  Work  Plan  (IVP).  The  study  proposed  making 
maximum  utilization  of  new  computer  technology  and  elimination  of 
duplication  of  management  efforts  where  they  existed.  As  part  of  this 
proposal,  the  report  recommended  that  a  man -machine  interface  procedure 
be  developed  to  maintain  continuously  accurate  IVP,  weekly  schedules, 
and  daily  schedules.  The  current  process  offers  no  effective  way  to 
evaluate  the  validity  of  the  monthly  plan  nor  is  there  sufficient 
management  information  feedback  to  adequately  forecast  changing  resource 
requirements  or  effects  these  changes  have  on  the  IVP  process. 

A  1978  Air  War  College  Research  Report  (3)  by  Lieutenant  Colonel 
Burgess  Investigated  the  degree  of  consistency  among  individuals  who 
evaluate  the  performance  of  Ease  Civil  Engineering  organizations. 

Through  the  use  of  a  survey  questionnaire,  responses  were  received  from 
Base  Civil  Engineers,  Base  Commanders,  and  Wing  Commanders  at  various 
bases.  The  objective  of  the  questionnaire  was  to  elicit  judgment 
concerning  the  most  Important  performance  evaluation  criteria  and  the 
techniques  used  to  measure  performance  against  those  criteria.  The 
research  report  concluded  that  the  two  performance  evaluation  criteria 
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selected  most  important  by  all  (as  a  group)  were  (l)  credibility  to  meet 
commitment  and  (2)  satisfaction  of  base  personnel  with  Civil  Er^ineering 
organization  performance.  The  report  further  concluded  that  performance 
measurement  techniques  in  use  were  almost  entirely  subjective. 

The  above  studies,  while  they  do  not  relate  directly  with  the 
topic  of  this  thesis,  do  provide  some  useful  information.  The  AFDSDC 
study  dealt  mainly  with  computer  applications,  but  did  mention  the 
problem  of  changing  resource  requirements.  The  Air  Mar  College  report 
supported  the  proposition  that  credibility  and  customer  satisfaction  are 
considered  important  evaluation  criteria. 
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Chapter  2 


METHODOLOGY 

This  chapter  describes  how  the  research  effort  was  carried  out. 
The  plan  of  attack  for  addressing  the  research  objectives  is  discussed. 
Also  discussed  are  the  methods  used  in  addressing  the  research  questions. 

Research  questions  1  and  2  were  developed  for  meeting  the  first 
research  objectlve--to  describe  the  BCE  work  request/work  order  pro¬ 
cessing  system  using  the  systems  approach.  The  research  questions  were: 

1.  What  are  the  sources  of  work  requirements? 

2.  What  activities  are  Included  in  the  system? 

The  sources  of  work  requirements  were  identified  in  Chapter  1 
as  AF  Forms  332  and  AF  Forms  1135  which  are  received  by  the  Production 
Control  Unit.  In  addition,  requests  are  received  by  correspondence  or 
directive  from  higher  headquarters,  by  word  of  mouth,  and  by  telephone. 
Thus,  this  research  question  was  answered  by  examination  of  current 
directives,  especially  AFR  85-1. 

The  activities  included  in  the  system  were  described  in  general 
in  Chapter  1.  .Tjf.e  specific  activities  included  in  the  system  model  were 
established  by  augmenting  the  procedures  as  described  in  AFR  85-1  with 
actual  procedures  at  Barksdale  Air  Force  Base,  Louisiana,  where  'the  data 
were  obtained.  See  Chapter  3  for  a  detailed  description  of  procedures 
found  at  Barksdale  which  were  not  described  in  Chapter  1. 

Each  of  the  processes  in  the  system,  along  with  its  Immediate 
Inputs  and  outputs,  constitutes  a  subsystem.  The  activities  for  the 
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overall  system  are  looked  at  in  terms  of  the  subsystem  to  which  they 
belong.  Each  subsystem  was  analyzed  in  terms  of  what  inputs  were 
required  and  in  terms  of  what  output  resulted  from  the  processing. 
After  all  subsystems  were  described  according  to  the  Input — Process — 
Output  fashion  shown  in  Figure  4,  they  were  combined  to  provide  a 
systems  approach  description  of  the  BCE  work  request/work  order 
processing  system  (11:17).  Development  of  the  conceptual  model  using 
such  an  approach  is  Included  in  Chapter  3« 


Figure  4 


Simple  System  Diagram 

The  answers  to  these  first  two  research  questions  provided  the 
description  of  the  process,  and  enabled  research  objective  1  to  be  met. 
With  this  description,  the  second  research  objective — to  develop  a 
conceptual  model  of  the  system—was  met  by  answering  the  third  research 
question,  which  wa3: 

3.  How  are  the  different  processes  and  variables  within  the 
system  related? 

Answering  thl3  question  involved  examination  of  the  process  at  Barksdale 
Air  Force  Base  to  determine  how  the  subsystems  wore  related.  This  deter¬ 
mination  involved  placing  the  simplified  process  subsystems  in  their 
proper  sequence,  and  then  determining  any  mathematical  relationships 
involved  in  the  processes.  Determining  the  mathematical  relationships 
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Involved  In  the  processes  was  accomplished  through  use  of  the  Statistical 
Package  for  the  Social  Sciences  (SPSS)  computer  program  as  described  In 
Chapter  3. 

Research  questions  4,  5*  6,  and  7  were  proposed  for  meeting  the 
third  research  objective — to  operationalize  the  model  through  computer 
simulation.  These  research  questions  werej 

4.  What  type  of  modeling  technique  should  be  used? 

5.  What  type  of  Input  Is  needed  for  the  model? 

6.  What  assumptions  must  be  made  in  order  to  model  the  system? 

7.  Can  a  simulation  model  of  the  system  be  operationalized? 

As  previously  mentioned,  the  BCE  work  request/work  order  pro¬ 
cessing  system  is  basically  a  queueing  or  waiting  line  system.  Figure  5 
Is  a  general  model  of  such  a  system.  Work  requests  are  received  from 
the  calling  source  (customer)  and  are  input  into  the  work  request/work 
order  processing  system.  If  the  service  facility  can  be  entered  imme¬ 
diately,  the  unit  is  served  and  then  moves  on  to  another  activity  node; 
otherwise,  the  unit  joins  a  queue  or  waiting  line  to  await  service.  As 
explained  in  Chapter  1,  the  output,  or  final  result  of  the  request  and 
all  processes,  is  the  work  accomplishment.  In  Figure  5  the  term  queue 
configuration  refers  to  the  number  of  available  queues  and  their 
arrangement.  In  Civil  Engineering  this  represents  the  various 
activities  which  make  up  the  work  request/wcrk  order  processing  system. 
Queue  and  service  disciplines  refer  to  the  behavior  and  processing  of 
units  in  the  system  (2i431-432). 

Q-GERT,  a  specialized  computer  simulation  language,  was  used  to 
model  the  BCE  work  request/work  order  processing  system.  This 


particular  simulation  program  provides  the  capability  to  analyze  complex 
systems  where  queueing  can  occur  at  various  processing  points  within  the 
system  (6i215j  Q* 3) •  This  technique  Is  applicable  to  the  work  request/ 
work  order  processing  system  since  any  job  requirement  prior  to  accom¬ 
plishment  must  go  through  the  various  activities  within  the  system 
(LO:l>+-135).  As  each  requirement  is  processed  through  the  system,  it 
goes  through  several  waiting  lines;  therefore,  an  appropriate  way  to 
model  thl3  type  of  activity  was  by  use  of  the  Q-GERT  simulation 
package. 

The  question  relating  to  type  of  input  data  needed  to  model  the 
system  was  answered  by  attempting  to  model  the  system  using  the  Q-GERT 
simulation  package.  It  was  found  that  data  concerning  the  rate  of  input 
of  requests  to  the  system,  the  number  of  servers  at  each  processing 
point,  the  average  service  time  for  each  process,  and  the  decision  rules 
used  in  selecting  the  next  job  to  be  served  at  each  process  were  required. 
In  addition,  data  to  support  either  probabilistic  branching  or  decision 
rules  upon  which  branching  could  be  made  were  required.  Data  of  these 
types  were  requested  of  personnel  who  work  within  and  in  support  of  the 
system  at  Barksdale  Air  Force  Base,  Louisiana.  Data  were  obtained  from 
both  official  and  unofficial  records  maintained  at  Barksdale. 

Barksdale  Air  Force  Base  was  selected  for  use  as  a  data  base 
source  for  several  reasons* 

1.  3CE  underwent  a  worldwide  reorganization  on  1  October  1978. 
Prior  to  this  reorganization,  several  bases  tested  the  reorganization 
plan,  thus  undergoing  reorganization  much  earlier.  Barksdale  was  one 
of  these  test  bases,  having  undergone  this  reorganization  on 
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1  February  1977.  As  a  result,  Barksdale's  work  request/work  order 
processing  system  had  over  two  years  of  operation  under  the  current 
worldwide  system  without  the  bias  which  might  be  associated  with  making 
such  a  reorganization  change. 

2.  The  researchers  had  some  familiarity  with  the  base  and  with 
the  personnel  who  operate  the  system  at  3arksdale. 

3.  Personnel  at  Barksdale  had  offered  to  make  available  any 
data  necessary  to  support  this  research  effort. 

Some  Items  of  Input  data  which  were  needed  to  model  the  system 
were  not  available.  In  these  Instances,  either  estimates  were  made  by 
the  personnel  who  worked  with  the  system  or  assumptions  were  made  by  the 
researchers  based  upon  their  knowledge  and  experience  with  similar 
systems.  A  complete  discussion  of  the  data  collected  and  the  estimates 
and  assumptions  made,  as  well  as  the  use  of  the  data  for  developing 
Inputs  into  the  system  simulation  model,  Is  included  In  Chapters  3  and 

4.  This  discussion  answers  research  questions  5  an d  6. 

Research  question  7  was  addressed  by  following  a  generalized 
simulation  procedure  as  depicted  by  the  flowchart  In  Figure  6.  This 
flowchart  Is  a  summation  of  the  systematic  approach  which  was  taken  In 
developing  a  model  of  the  3CE  work  reque3t/work  order  processing  system. 
The  system  parameters,  decision  rules,  and  performance  requirements 
found  by  answering  questions  3*  4,  and  6  were  input  into  the  model. 
Simulated  processing  was  to  have  been  accomplished  by  the  computer. 

After  simulating  the  model  a  number  (n)  of  times,  output  was  to  have 
been  produced  In  the  form  of  operating  statistics.  These  operating 
statistics  can  be  generated  for  each  of  the  performance  characteristics 
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Figure  6 

A  Generalized  Simulation  Procedure  Flowchart  (6»44) 


Construct  model 
of  system 
being  studied 


of  interest,  such  as  average  processing  tine  at  each  activity  node, 
average  tine  in  the  system,  probability  of  event  occurrence,  and  so  on. 
After  simulating  the  system  n  times  and  obtaining  output  results,  tests 
would  be  run  (6  * ^*5 1  10*23)  •  Such  testing  is  discussed  under  research 
objectives  5  and  6. 

Obtaining  a  successful  simulation  run  from  the  computer  would 
answer  research  question  7.  and  objective  3  would  there ty  be  met. 

Research  objective  U — to  internally  and  externally  validate  the 
model — would  have  been  met  by  answering  rssearch  questions  8,  9.  10  and 
11.  These  questions  weret 

8.  How  can  the  internal  validity  of  the  model  be  tested? 

9.  How  can  the  external  validity  of  the  model  be  tested? 

10.  Is  the  model  internally  valid? 

11.  Is  the  model  externally  valid? 

Validity  refers  to  the  extent  to  which  the  model  performs  the 
way  it  is  Intended.  Validity  can  be  separated  into  two  forms — external 
validity  and  internal  validity.  External  validity  deals  with  ger.erali- 
zabllity  to  populations,  settings,  and  variables.  By  contrast,  internal 
validity  Involves  looking  at  the  logic  and  asking  the  questions,  "Does  it 
make  sense?  Does  it  do  what  it  is  supposed  to  do?”  Both  external  and 
internal  validity  are  important,  even  though  they  are  frequently  at  odds, 
in  that  features  increasing  one  may  jeopardize  the  other.  While 
internal  validity  is  an  essential  thing,  and  while  the  question  of 
external  validity  is  never  completely  answerable,  both  are  strived 
for  (5«120,303). 

The  Internal  validity  of  the  model  would  have  been  tested  by 
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comparing  the  statistical  results  obtained  from  the  simulation  with 
descriptive  statistics  of  the  data  collected  from  Barksdale.  This 
comparison  would  have  been  accomplished  using  Chi-Square  goodness  of 
fit  tests  to  coa^are  the  simulated  work  request  dispositions  with  the 
dispositions  of  the  sampled  data,  and  to  compare  the  length  of  time 
each  completed  work  order  spent  in  the  system. 

The  external  validity  of  the  model  could  have  been  tested  by 
comparing  the  results  of  the  simulation  to  a  population  broader  than 
that  used  in  construction  of  the  model  to  Insure  that  the  results  are 
genoral liable.  Since  this  model  was  limited  to  data  collected  from  one 
Air  Force  Base,  generalization  beyond  that  Base  and  timeframe  was  not 
attempted i  and  since  all  available  data  was  used  in  construction  of  the 
model,  no  test  of  external  validity  can  be  made  at  this  time.  The 
question  of  external  validity  would  have  to  be  answered  when  any  attempt 
were  made  to  apply  this  model  to  a  broader  scope.  Conducting  the  Chi- 
Square  tests  would  have  lent  internal  validity  to  the  model,  and 
research  objective  4  would  have  been  met. 

Research  objective  5— to  assess  the  model's  ability  to  accu¬ 
rately  predict  a  range  of  time  in  which  work  orders  will  be  completed — 
was  to  have  been  attained  by  answering  research  questions  12  aid  13. 
These  questions  weret 

12.  How  sensitive  is  the  model  to  changes  in  the  variables? 

13.  How  well  does  the  model  predict  a  range  of  time  in  which 
work  orders  will  be  completed? 

Answering  question  12,  concerning  the  sensitivity  of  the  model 
to  changes  in  the  variables,  would  be  necessary  prior  to  use  as  a 
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prediction  aodel.  This  provides  the  user  with  a  feel  for  what  will 
happen  to  the  result  if  changes  occur  in  future  parameters  or  data 
which  were  used  to  construct  the  aodel  0^*182).  The  testing  would  be 
conducted  by  taking  a  “no"  decision  in  the  decision  block  of  Figure  6, 
then  aaking  changes  in  decision  rules  or  aodel  parameters  one  at  a  tine. 
The  simulation  would  then  be  conducted  with  the  change,  arc!  results 
compared  to  the  aodel  with  no  changes  included. 

Answering  question  13  would  involve  combining  information  con¬ 
cerning  the  validity  of  the  model  from  question  9  with  information 
concerning  the  sensitivity  of  the  aodel  from  question  12  and  with  some 
knowledge  of  the  system  and  prediction  information  requirements.  Since 
this  is  a  stochastic  and  dynamic  system,  an  exact  completion  date  pre¬ 
diction  is  a  virtual  impossibility.  The  aodel  should  produce  a 
probability  function  of  completion  dates  from  which  a  completion  time 
range  can  be  selected  depending  upon  the  degree  of  accuracy  desired  to 
be  captured  within  that  range. 

There  are  no  guidelines  on  how  accurate  an  estimate  is  required 
or  how  narrow  the  confidence  Interval  must  be.  Common  sense  dictates 
that  the  estimate  must  be  usable,  in  light  of  given  information.  For 
example,  if  the  only  information  about  a  request  is  the  time  of  arrival 
at  the  CSU,  a  95  percent  confidence  Interval  prediction  of  "between  two 
weeks  and  fourteen  months"  might  be  reasonable  and  useful.  But  if  it 
were  known  that  a  request  would  become  a  minor  construction  work  order, 
was  within  the  BCE’s  approval  authority,  had  funds  available,  and 
required  no  materials  which  were  not  on  hand,  then  a  95  percent  confi¬ 
dence  Interval  prediction  of  "between  one  month  arei  twelve  nonths"  would 


probably  not  be  very  useful. 

Since  there  are  no  guidelines  on  hoM  accurate  predictions  need 
to  be  and  because  there  is  no  real  prediction  method  available  now,  nor 
records  of  predictions  which  are  made,  the  final  answer  to  question  13 
was  to  have  been  subjectively  based  upon  the  question,  "Is  the  infor¬ 
mation  reasonable  and  usable?"  Answering  questions  12  and  13  would  have 
met  objective  5« 

Meeting  research  objective  6 — to  assess  the  model *s  utility  as 
a  tool  for  evaluating  changes  to  the  system — would  require  an  answer 
to  research  question  14,  which  was; 

14.  How  well  does  the  model  predict  changes  in  processing  time 
or  number  of  people  required,  as  a  result  of  changes  to  the  system  or 
decision  rules? 

Answering  this  question  would  again  involve  taking  the  "no" 
decision  block  of  Figure  6,  then  taking  desired  changes  in  decision 
rules,  model  parameters,  or  system  design.  For  example,  if  one  were 
interested  in  the  change  in  the  probability  of  a  successful  outcome  due 
to  new  procedures,  he  would  change  one  of  the  decision  rules  or  logic 
of  the  system.  As  another  possibility,  one  might  be  concerned  about 
the  sensitivity  of  the  total  time  to  a  change  in  the  time  duration  of 
a  particular  activity.  This  concern  could  be  addressed  by  varying  the 
activity  time  parameter.  When  the  desired  changes  were  made  to  the 
model,  simulation  would  again  be  conducted,  and  the  results  on  the 
total  process  observed  (6t43-45i  10t23). 

Analysis  of  the  results  would  have  been  primarily  subjective, 
since  there  is  no  standard  of  how  good  a  test  should  be.  The  ’’reasonable 
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and  usable"  criterion  would  again  be  used.  The  average  total  processing 
tlaes  would  become  more  important  in  the  results  used  for  evaluation 
purposes,  since  the  effect  on  each  single  work  request/work  order  ceases 
to  be  a  criterion.  Therefore,  it  is  possible  that  favorable  results  can 
be  obtained  in  using  the  model  as  an  evaluation  tool,  even  if  the  model 
was  of  little  or  r.o  value  as  an  estimator.  With,  the  answer  to  research 
question  14,  research  objective  6  would  have  been  met. 

The  model  could  not  be  successfully  operationalised  within  the 
time  constraints  imposed,  but  a  discussion  of  the  reason  for  this  and  of 
changes  to  the  Q-OEST  program  which  will  allow  successful  operationali¬ 
sation  is  included  in  Chapter  4, 

With  this  discussion  and  a  discueslon  of  further  research  of 
Chapter  5»  this  research  is  complete. 
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Chapter  3 


SYSTEM  ANALYSIS  AND  DATA  COLLECTION 

INTRODUCTION 

This  chapter  contains  a  detailed  description  of  the  procedures 
used  In  the  work  request/work  order  processing  system  at  Barksdale  Air 
Force  Base,  using  a  systems  approach.  Kith  this  systematic  model  of  the 
system,  collection  of  data  to  describe  the  parameters  of  the  system  as 
well  as  Input,  throughput,  and  output  times  of  each  subsystem  are 
discussed.  A  discussion  of  parameter  estimates  Is  followed  by  a 
description  of  data  analysis  using  the  Statistical  Package  for  the 
Social  Sciences.  The  chapter  concludes  with  a  discussion  of  assumptions 
made  by  the  researchers. 


SYSTEJ?  ANALYSIS 

The  work  request/work  order  processlrg  system,  as  shown  In 
Figure  2  and  3  of  Chapter  1,  can  be  described  In  terms  of  Its  three 
primary  subsystems:  work  request  approval  subsystem,  work  order 
planning  and  materials  acquisition  subsystem,  and  work  accomplishment 
subsystem.  These  Individual  subsystems  are  discussed  below. 

■fork  Request  Approval  Subsystem 

The  work  request  approval  subsystem  (Figure  7)  covers  the  period 
of  time  from  entry  of  the  request  Into  the  work  request  system  until 
Its  approval  or  disapproval.  At  3arksdale  Air  Force  Base,  one  of  the 
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Work  Request  Approval  Subsystem 


philosophies  of  management  was  found  to  be  that  any  work  which  can 
possibly  be  accomplished  by  job  order  is  accomplished  in  that  manner. 
This  philosophy  was  evident  in  the  operation  of  the  Customer  Service 
Unit,  where  requests  are  initially  routed  into  either  the  Job  order 
processing  system  or  the  work  request/work  order  processing  system. 

In  the  CSU,  all  requests  which  initially  appear  to  be  accomplishable 
by  Job  order  are  routed  into  that  system  rather  than  into  the  work 
request  system.  Subsequently,  it  is  found  that  many  of  the  requests 
are  not  accomplishable  by  Job  order.  These  requests  then  enter  the 
work  request  system  several  days  after  having  been  initially  received 
by  the  CSU.  The  CSU  maintains  a  control  document,  the  work  request  log, 
of  all  work  requests/work  orders  in  the  system.  The  log  entry  for  “date 
received"  is  actually  the  date  the  request  entered  the  work  request 
system.  The  beginning  point  of  the  system  is,  therefore,  receipt  of 
written  or  verbal  work  requests  which  are  immediately  entered  into  the 
work  request  system,  and  receipt  of  AF  Forms  332,  Base  Civil  Engineering 
Work  Requests,  which  are  determined  to  be  unacceptable.  Although  not 
entered  into  the  work  request  log,  an  unofficial  log  of  A F  Forms  332 
which  were  determined  to  be  unacceptable  is  maintained  by  the  Customer 
Service  Specialist  at  3arksdale. 

The  function  of  the  work  request  subsystem  is  to  process  the 
request  through  approval  or  disapproval.  The  inputs  to  the  subsystem 
are  requests  for  work.  The  outputs  from  the  system  are  unacceptable 
requests,  approved  requests,  and  disapproved  requests.  Disapproved 
requests  are  returned  to  the  requestor.  For  those  requests  which  are 
approved,  a  method  of  accomplishment  is  recommended. 
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Approval  authority  la  delegated  by  AFR  06-1  to  the  Major  Air 


Command  Commander,  with  authority  to  redelegate  all  or  part  of  the 
approval  authority  to  lower  levels.  See  Table  1  for  the  levels  of 
approval  authority  In  effect  at  Barksdale. 

Work  Order  Planning  and  Materials  Acquisition  Subsystem 

Approved  work  requests  with  in-servlce  work  order  as  the  method 
of  accomplishment  are  the  input  Into  the  second  primary  subsystem,  the 
Work  Order  Planning  and  Materials  Acquisition  Subsystem  (Figure  8). 
After  an  update  of  records,  a  Base  Civil  Engineering  Work  Order 
(AF  Fora  327)  Is  Initiated.  These  work  orders  are  processed  by  the 
Planning  Section  to  provide  the  estimated  man-hours  and  Materials  and 
Equipment  List  (AF  Forms  1W±5)  If  required.  The  work  orders  are  routed 
through  the  Chief  of  Resources  and  Requirements  for  authorization  If 
funds  are  available.  At  3arksdale,  work  orders  are  not  routed  through 
Funds  Management  to  certify  funds  availability.  Rather,  Funds  Manage¬ 
ment  maintains  a  continuous  information  flow  to  the  various  approval 
authorities  so  that  funds  availability  Is  one  factor  considered  In 
work  request  approval  or  disapproval.  In  addition,  the  information 
flow  to  the  Chief  of  R  A  R  provides  the  opportunity  to  delay  any 
approved  work  In  light  of  recent  funding  developments. 

After  authorization  by  the  Chief  of  R  A  R,  the  work  orders 
records  are  updated  by  the  Programmer.  Afterwards,  if  any  materials 
are  required,  the  work  order  Is  forwarded  to  material  control  for 
materials  ordering  and  receipt.  When  all  required  materials  are  on 
hand,  the  Programmer  receives  the  work  order  for  records  updating. 
Completion  of  this  records  update  represents  the  completion  of  the 

y* 


* 


Maintenance 

Repair 

Minor 

Construction 

(In-Service) 

Base  Civil  Er^ineer 

$100,000 

$50,000 

$25,000 

Chief  of 

Operations 

25,000 

25,000 

10,000 

Chief  of  Resources 
and  Requirements 

25.000 

25,000 

5,000 

Chief  of 

Production  Control 

25,000 

25,000 

2,500 

Chief  of  Customer 
Service  Unit 

25,000 

25,000 

2,500 

Projects  above  the  BCE’s  approval  authority  nust  be  validated  by  the 
Facilities  Board,  then  approved  at  HAJCCH  level  or  above  (1) 


Table  1 

Levels  of  Approval  Authority 
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Work  Order  Planning  and  Materials  Acquisition  Subsystem.  The  output  of 
this  subsystem  is  work  orders  which  have  been  planned,  authorized,  and 
all  required  materials  received. 


Work  Accomplishment  Subsystem 

The  outputs  of  the  Work  Order  Planning  and  Materials  Acquisition 
Subsystem  are  the  inputs  into  the  Work  Accomplishment  Subsystem 
(Figure  9).  In  this  subsystem,  the  Programmer  programs  the  work  order 
into  the  First  Future  Month  In-Service  Work  Plan  (IVP)  when  adequate 
shop  man-hours  are  projected  to  be  available.  Near  the  end  of  each 
month,  all  work  orders  on  the  IVP  for  the  following  month  are  forwarded 
to  the  scheduler  for  scheduling  into  one  or  more  of  the  weekly  and  daily 
schedules. 

At  Barksdale,  the  IVP  Programming  function  arei  the  scheduling 
function  are  accomplished  by  the  same  individuals,  called  schedulers. 

On  Monday  of  the  week  prior  to  scheduled  work  start,  copies  of  the  work 
order  are  sent  to  all  shop  foremen  scheduled  to  work  on  the  job.  The 
shop  foremen  check  the  job  and  present  any  problem  areas,  such  as  non¬ 
availability  of  equipment,  nonavailability  of  job  site,  or  not  enough 
or  incorrect  materials,  to  the  schedulers  at  their  shops  pre-scheduling 
meeting  on  Wednesday.  If  the  problems  cannot  be  resolved  by  completion 
of  a  full  scheduling  meeting  held  on  Thursday,  the  Job  is  not  scheduled 
^  for  the  following  week.  If  materials  must  be  reordered,  the  work  order 
Is  resumed  to  the  Material  Control  portion  of  the  previous  subsystem. 
When  the  reordered  materials  are  on  hand,  the  work  order  generally  is 
programmed  into  the  current  month  IVP.  If  the  problems  were  with  non¬ 
availability  of  equipment  or  Job  site,  the  Job  is  delayed  and  considered 
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again  the  following  week.  When  no  unresolvable  problems  occur,  the 
foremen  begin  work  during  the  next  week. 

Work  is  accomplished  on  each  work  order  by  the  shops  programmed 
on  that  job.  When  all  required  work  ia  completed  for  any  shop,  the 
foreman  signs  the  work  order  and  forwards  it  to  scheduling.  When 
scheduling  has  received  a  signed  copy  of  the  work  order  from  each  shop 
foreman,  the  work  is  complete.  Work  completion  represents  the  end  of 
this  final  subsystem  of  the  Work  Request/Work  Order  Processing  System. 
Thus,  completed  work  is  the  output  of  both  the  Work  Accomplishment 
Subsystem  and  the  Work  Request/Work  Order  Processing  System. 

DATA  COLLECTION 

To  ran  a  Q-^EST  simulation  of  the  Base  Civil  Engineering  work 
request/work  order  processing  system  requires  some  parameters  for  the 
activities  of  the  system.  The  Q-CERT  simulation  program  processes 
transactions  through  a  network  of  activities  and  nodes.  For  this 
research  effort,  each  work  request/work  order  1s  represented  by  one 
transaction  moving  through  a  network  of  nodes  representing  processing 
points  or  milestones,  along  a  series  of  activities,  representing  the 
processes.  Branching  is  allowed  to  occur  at  nodes.  Parameters  are 
required  for  arrival  rate  at  the  first  node  in  the  network,  for  pro¬ 
cessing  time  at  each  activity  within  the  network,  and  for  making 
branching  decisions  from  the  nodes. 

Each  BCE  office  maintains  certain  files  which  contain  data 
useful  to  development  of  some  of  the  parameters  required  for  modeling 
such  a  system.  These  files  arei 


1.  Work  Request. /Work  Order  Log  which  contains  dates  that  each 
work  request  was  received  and  disposition  of  each  work  request,  as  well 
as  dates  that  each  work  request  was  sent  to  and/or  received  froa  some  of 
the  processing  points  in  the  work  request  portion  of  the  system.  The 
Work  Request/Work  Order  Log  from  Barksdale  was  the  primary  source  of 
data  concerning  arrival  rate  of  requests,  routing  of  requests,  and 
disposition  of  requests. 

2.  Completed  Work  Order  Files  which  contain  work  order  folders 
of  completed  work  orders.  Each  work  order  folder  contains  a  copy  of  the 
Completed  Work  Order  Cost  Report  which  shows  Work  Class,  Special  Interest 
Code,  Priority,  Work  Order  Indicator,  Number  of  Shops,  Estimated  and 
Actual  Nan-hours,  Estimated  and  Actual  Materials,  Date  Opened,  Material 
Order  and  Receipt  Date,  Date  Start,  Date  Complete,  as  well  as  other 
data.  These  data  elements  will  be  explained  later.  In  addition,  each 
folder  contains  a  copy  of  the  work  order  showing  the  date  authorized, 
and  a  copy  of  the  work  request  showing  the  date  approved  and  the  signa¬ 
ture  of  the  approval  authority. 

3»  Work  Order  History  Tape  which  is  a  computerized  record 
maintained  on  tape  for  a  moving  twelve-month  period.  This  master  file 
contains  all  information  available  on  the  Completed  Work  Order  Cost 
Report  and  some  other  data  which  was  not  mentioned. 

At  Barksdale,  a  copy  of  the  Work  Order  History  Tape  is  on  hand 
as  of  completion  of  end-of-month  processing  at  the  end  of  September 
1978#  containing  work  order  master  records  of  all  work  orders  in  the 
computer  system  during  the  period  1  October  1977  throi^h  30  September 
1978.  This  tape  and  the  current  Work  Order  History  Tape  were  used 


as  the  primary  means  of  identification  of  work  orders  which  had 
traversed  the  system  since  the  reorganisation  test  began  1  February  1977. 

The  following  less  formal  and  unofficial  sources  of  data  were 
found  to  be  available  at  Barksdale: 

1.  The  Customer  Service  Unit  maintained  a  separate  list  of 
AF  Forms  332.  Base  Civil  Engineering  Work  Requests  which  were  returned 
to  the  requestor  as  being  unacceptable,  without  having  been  logged  in. 

2.  The  Planning  Section  maintained  a  log  of  work  requests 
received  for  evaluation  with  work  request  number,  date  logged  in,  date 
logged  out,  and  number  of  planning  man-hours  used. 

3.  The  Planning  Section  maintained  a  log  of  work  orders 
received  for  planning  with  work  order  number,  date  logged  in,  date 
logged  out,  and  number  of  planning  man-hours  used. 

4.  Scheduling  maintained  a  list  of  work  order  numbers  by  the 
date  that  the  work  order  folder  was  sent  to  the  Material  Control 
Section. 

5.  The  Material  Control  Section  maintained  a  log  of  work  order 
numbers  with  dates  that  the  work  order  folders  were  received  and  sent 
back  to  scheduling,  and  where  appropriate,  dates  that  the  work  order 
folders  were  received  and  sent  back  second  and  third  times. 

6.  Scheduling  maintained  a  list  of  work  order  numbers  by  date 
that  work  was  completed  by  the  last  shop  to  complete  its  work  on  that 
Job. 

Development  of  the  system  model  required  the  collection  of  data 
from  the  operation  of  the  system,  such  as  frequency  or  rate  of  arrival 
of  requests,  processing  time,  and  method  of  accomplishment.  In  several 


cases  the  desired  information  was  only  available  in  the  unofficial  files 
maintained  by  the  workers.  The  researchers  felt  that  the  Information  in 
these  files  was  accurate  and  relevant.  By  searching  out  and  tapping  all 
of  the  relevant  and  available  sources  of  information,  the  researchers 
get  a  more  accurate  picture  of  the  situatlonj  therefore,  can  be  more 
confident  of  the  quality  of  their  findings  and  the  quality  of  the 
simulation  model  which  is  based  on  the  data  that  was  collected  (5 >175). 

After  a  cursory  examination  of  the  Work  Request/^fork  Order  Log 
beginning  1  February  1977,  it  was  obvious  that  many  of  the  work  requests 
logged  in  as  having  been  received  on  1  February  1977  represented 
requests  which  had  actually  been  received  some  unknown  time  prior  to 
the  official  re organ! rat ion  date.  In  addition,  the  list  of  A F  Forms  332 
sent  back  as  being  unacceptable  was  not  maintained  by  Customer  Service 
after  28  February  1979.  These  two  factors,  plus  the  knowledge  that  more 
recent  requests  would  show  a  lowered  proportion  of  requests  on  which  a 
disposition  had  been  determined  and  a  lowered  proportion  of  requests 
which  had  traversed  the  system,  led  the  researchers  to  limit  the  search 
for  data  to  the  two-year  period  of  1  March  1977  through  28  February  1979. 

Data  was  collected  and  tabulated  into  three  separate  data 
tablesi  (l)  Work  Requests  Received/Disposltionj  (2)  Work  Request  Sample 

Data i  and,  (3)  Work  Order  Data. 

Work  Requests  Recelved/Dlaposltlon  Data 

The  Work  Request/Work  Order  Log  and  the  list  of  unacceptable 
AF  Forms  332  were  used  to  develop  the  tabled  Work  Requests  Received/ 
Disposition  Data  shown  in  Table  2.  The  purpose  of  collecting  this  data 
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Table  2 

Work  Requests  Received/Disposition  Data 


was  for  generation  of  statistics  on  arrival  rates  and  probabilities 
of  each  of  the  possible  dispositions  which  would  be  modeled. 

Each  work  request  entry  In  the  log  was  evaluated  for  date  of 
initial  entry  into  the  system  and  final  disposition,  then  either  placed 
into  the  table  at  the  appropriate  place  or  a  decision  was  made  not  to 
consider  the  data.  The  data  not  considered  was  for  one  of  the  following 
reasons » 

1.  Although  a  separate  log  was  maintained  for  self-help  work 
requests,  a  total  of  61  requests  in  this  main  Work  Request  Log  showed 
self-help  as  the  final  disposition.  Since  requests  accomplished  by  the 
self-help  method  of  accomplishment  are  modeled  as  having  not  entered 
the  system,  data  on  these  61  requests  were  not  considered. 

2.  A  total  of  51  requests  were  for  purchase  of  materials  only. 
These  requests  were  considered  by  the  researchers  to  be  the  equivalent 
of  requests  for  self-help  accomplishment |  and  the  data  was,  therefore, 
not  considered. 

3.  A  total  of  59  requests  showed  a  different  work  request/work 
order  number  as  the  final  disposition  or  otherwise  Indicated  that  the 
work  was  accomplished  on  the  3ane  job  as  seme  other  request.  3ecause 
there  were  no  Indications  at  what  point  in  the  processes  the  requests 
were  merged,  it  was  decided  to  model  these  requests  as  having  not  been 
received. 

Dispositions  as  recorded  in  the  log  were  frequently  expressed  in 
literal  terms.  Therefore,  recording  of  the  data  required  some  inter¬ 
pretation  by  the  researchers.  For  example,  dispositions  of  "Sent  back — 
Funds”  were  interpreted  to  mean  disapproved  because  of  lack  of  funds. 
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Dispositions  of  "Sent  back"  were  interpreted  to  mean  ratumad  to 
requestor,  either  with  concurrence  of  the  requestor  or  asking  for 
additional  lnforaatlonj  while  dispositions  of  "Cancelled"  were  Inter¬ 
preted  to  mean  returned  to  requestor  at  their  request. 

The  remainder  of  the  Work  Requests  Received/Disposition  Data 
(Table  2)  was  acquired  from  the  list  of  A F  Fora  332  work  requests  sent 
back  prior  to  being  entered  on  the  Work  Request/Work  Order  Log. 


Work  Request 


Le  Data 


Data  for  supporting  parameters  concerning  activity  times  in  the 
work  request  portion  of  the  system  was  collected  primarily  from  the 
Work  Request/Work  Order  Log,  and  was  supplemented  by  the  log  of  work 
requests  maintained  by  the  Planning  Section.  Since  no  records  except 
log  entires  are  maintained  of  requests  which  are  disapproved,  cancelled, 
or  otherwise  stopped  short  of  work  accomplishment,  these  two  logs  are 
the  only  documents  which  might  reflect  all  requests  which  were  found 
to  be  initially  acceptable. 

The  amount  of  data  needed  to  determine  the  parameters  Is  repre¬ 
sented  by  the  following  equation 


>  x  z%yt 

d 


where i 


n  “  sample  size 
9  •  estimate  of  the  variance 

Z  -  value  for  area  from  normal  distribution  tables  for  °</2 
confidence  level 


^5 


d 


detection  difference  In  the  sane  units  as  the  variance 


The  above  formula  was  used  to  estimate  the  sample  size  necessary  to 
estimate  the  parameters  of  the  work  request/work  order  receipt  rate 
within  four  requests  with  a  confidence  level  of  99.5  percent.  The 
number  of  requests  per  month  ranges  from  91  to  34.  The  sample  size 
Is  104  which  Is  calculated  below. 


n 


> 


2 

(  91  -  34  )  x  2.860 


4 


>  104 


The  Work  Request/Work  Order  Logs  at  Barksdale  were  arranged  by 
work  category  within  each  fiscal  year.  Since  this  arrangement  grouped 
requests  Into  large  categories,  a  systematic  sampling  plan  was  adopted 
to  Insure  representative  sampling  within  each  category.  Every  tenth 
work  request  was  selected,  to  exceed  the  required  sample  3lze. 

In  Implementing  the  sampling  plan,  the  researchers  made  a 
random  start  at  one  of  the  first  ten  log  entries  for  self-help  work 
beginning  1  February  1977  and  selected  every  tenth  work  request  logged 
In.  After  the  decisions  were  made  to  model  self-help  requests  as  having 
not  entered  the  system,  51  sampled  requests  which  had  been  collected 
from  self-help  portions  of  the  logs,  and  five  other  sampled  requests 
which  showed  disposition  of  self-help  which  had  been  collected  from  the 
Military  Family  Housing  portion  of  the  logs,  were  eliminated  from  this 
data  file.  In  addition,  data  on  four  requests  which  had  been  received 
prior  to  1  March  1977  and  on  five  requests  which  had  been  received  after 


28  February  1979  was  also  eliminated  from  this  data  file,  leaving  data 
on  the  114  work  requests  shown  at  Appendix  B. 

Data  collected  for  this  file  Included  dates  that  the  selected 
work  requests  were  logged  as  being  received,  sent  to  Planning,  received 
from  Planning,  sent  to  Engineering  and  Environmental  Planning  (DEE), 
received  from  DEE,  sent  to  Production  Control  Center  (PCC),  received 
from  PCC,  sent  to  Resources  and  Requirements  (R  *  R),  received  from 
R  4  R,  received  approved  or  disapproved  In  the  Customer  Service  Unit 
(CSU),  and  sent  to  Scheduling.  In  addition,  the  disposition  of  each 
request  was  recorded.  Dates  that  these  requests  were  logged  as  being 
received  and  sent  out  of  Planning  and  the  number  of  Planning  Section 
man-hours  used  in  evaluation  of  each  request  were  recorded  from  the  log 
maintained  by  the  Planning  Section.  Dates  that  work  requests  were 
logged  Into  and  out  of  the  Planning  Section  were  used  in  place  of  dates 
from  the  Work  Request/Work  Order  Log  where  such  dates  were  available. 

The  dates  recorded  from  the  various  source  documents  were  of 
varying  forms,  which  would  have  been  difficult  to  analyze  by  compu¬ 
terized  analysis.  Therefore,  all  dates  were  converted  to  numbered 
workdays  within  the  two-year  period  of  Interest.  1  March  1977  was 
treated  as  day  1,  2  March  1977  was  day  2,  etc.  Weekends  and  holidays 
were  not  numbered.  The  conversion  calendar  is  Included  as  Appendix  C. 
There  were  a  total  of  504  working  days  In  this  two-year  period. 

Work  Order  Data 

Data  for  supporting  parameters  concerning  activity  times  in  the 
work  order  portion  of  the  system  was  collected  from  many  sources.  In- 
service  work  orders  far  which  requests  had  been  received  after  1  March 


1977  and  for  which  work  had  been  completed  by  28  February  1979  were 
Identified  by  Inquiries  into  the  Ba.se  Engineer  Automated  Management 
System  (BEAMS)  against  the  current  Work  Order  History  Tape,  the  Work 
Order  History  Tape  for  October  1977  through  September  1978,  and  the 
current  Work  Order  Master  File.  These  inquiries  provided  Work  Order 
Number,  Work  Class,  Work  Order  Indicator,  Special  Interest  Code, 

Number  of  Shops,  Estimated  Shop  Labor  Hours,  Actual  Shop  Labor  Hours, 
Estimated  Material  Cost,  Actual  Material  Cost,  Date  Opened,  Date 
Materials  Available,  Actual  Start  Date,  and  Actual  Completion  Date. 

This  data  was  collected  by  this  method  for  229  work  orders. 

An  additional  30  work  orders  were  identified  as  meeting  the 
criteria  on  the  list  of  actual  completion  dates  maintained  by  the 
Scheduler.  Data  similar  to  that  obtained  through  the  inquiries  was 
obtained  for  28  of  these  30  work  orders  from  the  Completed  Work  Order 
Cost  Reports  found  in  the  Work  Order  Folders.  Work  Order  Folders  could 
not  be  located  for  the  other  two  work  orders. 

Other  data  was  searched  for  and  recorded  from  the  following 
sources  for  all  259  work  orders  shown  at  Appendix  D.  From  the  Work 
Request/Work  Order  Log  were  recorded i  Date  Received,  Dates  to  and  from 
CEE,  Dates  to  and  from  Other,  and  Date  to  Scheduling.  From  the  Planning 
Work  Order  Log  the  Dates  Logged  In  and  Out  and  the  Number  of  Planning 
Man-Hours  required  for  planning  the  Job  were  recorded.  From  the  Work 
Order  Folders:  Priority  and  Date  Authorized  were  obtained  from  the 
AF  Forms  327«  the  Request  Source  (either  AF  Form  1135  or  AF  Form  332), 
the  Approval  Authority  and  the  Date  of  Approval  were  obtained  from  the 
source  document j  Material  Order  Date  was  recorded  from  the  AF  Form  1W*5j 


and,  the  date  all  materials  were  available  was  recorded  from  a  slip  of 
paper  known  at  Barksdale  as  the  100£  Slip.  Prom  the  logs  maintained  in 
Material  Control  were  recorded  the  dates  that  the  work  order  folder  was 
received  from  and  returned  to  Scheduling  each  time  the  folder  went  to 
Material  Control.  From  the  list  of  work  orders  sent  to  Material  Control, 
maintained  by  the  Scheduler,  were  recorded  dates  that  the  work  orders 
were  sent.  From  the  list  of  work  order  completion  dates  maintained  by 
the  Scheduler  were  recorded  the  completion  dates. 

Dates  from  the  log  maintained  by  Planning  were  used  when  avail¬ 
able  in  place  of  dates  from  the  Work  Request/Work  Order  Log,  and  dates 
of  work  completion  from  the  Scheduler's  Log  were  used  in  place  of  Actual 
Completion  Dates  from  computer  printout  because  they  were  believed  to  be 
more  accurate  because  of  frequent  delays  in  making  the  required  computer 
entries. 

Dates  from  this  data  collection  were  converted  to  numbered  work¬ 
days  according  to  the  conversion  calendar  at  Appendix  C. 

DATA  ANALYSIS 

After  the  data  was  collected,  it  was  analyzed  to  determine  the 
mathematical  relationships  between  the  processes  in  the  system  and  be¬ 
tween  the  processing  tines  experienced  at  each  processing  point.  Also, 
the  attributes,  or  characteristics,  of  the  work  request/work  order,  such 
as  the  time  of  arrival  of  the  transaction  to  the  system,  were  determined. 

Work  Requests  Recelved/Dlsposltlon  Data 

The  Work  Requests  Received/Disposition  Data  shown  in  Table  2  was 
analyzed  to  provide  overall  probabilities  of  work  requests  being 
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disposed  of  through  each  of  the  categories.  For  accompli * ing  this 
analysis,  the  45  requests  found  whose  disposition  has  not  yet  been 
determined  were  not  included  in  the  calculations.  These  probabilities 
of  work  requests  being  disposed  through  each  category  are  shown  at  the 
bottom  of  Table  2. 

The  total  number  of  work  requests  received  was  used  to  calculate 
an  average  interarrival  time,  or  average  time  elapsed  between  arrivals, 
of  work  requests  to  the  CSU  at  the  beginning  of  the  system.  The  data 
represents  a  period  of  504  working  days  in  which  a  total  of  126?  work 
requests  were  received.  Simple  division  of  the  number  of  working  day3 
by  the  number  of  arrivals  gives  a  mean  Interarrival  time  of  0.398  days, 
or  one  work  request  arriving  every  0.398  days. 


Work  Request  Sample  Data 

The  Work  Request  Sample  Data  was  analyzed  by  use  of  the 
Statistical  Package  for  the  Social  Sciences  (SPSS)  computer  program. 
SPSS  is  an  Integrated  3et  of  computer  programs  designed  for  the  mani¬ 
pulation  and  statistical  analysis  of  data.  Included  in  this  package 
are  procedures  for  various  types  of  regression  and  simple  descriptive 
statistics  (7«l). 

SPSS  subprogram  FREQUENCIES  was  used  to  analyze  the  recorded 
dispositions.  Since  this  data  is  nominal,  no  higher  analysis  was  used. 
The  results  of  this  analysis  corresponded  almost  exactly  with  the  dis¬ 
positions  found  in  the  Requests  Received/Disposition  Data.  FREQUENCIES 
is  used  to  examine  the  distributional  characteristics  of  the  variables 
being  investigated.  It  calculates  descriptive  statistics  and  generates 
tabular  reports  of  frequency  distributions.  Also  are  provided  the  mean, 
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node,  minimum,  and  maximum  variance  of  the  data  (7*7) . 

Differences  In  dates  recorded  between  steps  In  the  usual  pro¬ 
cessing  sequence  were  calculated  using  a  FORTRAN  computer  program.  The 
usual  processing  sequence  was  determined  to  be  the  following  order i 
received,  to  planning,  from  planning,  to  DEE,  from  DEE,  to  PCC,  from 
PCC,  to  R  A  R,  from  R  A  R,  to  CSU,  to  Scheduling.  Where  either  date 

was  unavailable,  and  where  differences  were  negative,  computations  were 

% 

not  attempted.  In  addition,  because  of  the  high  number  of  requests 
which  did  not  follow  this  usual  processing  procedure,  computations  were 
made  of  the  differences  In  dates  experienced  by  the  requests  In  being 
logged  as  Received  and  the  next  available  date,  and  from  the  last 
available  date  to  CSU.  The  results  of  the  computations  of  dates 
differences  were  analyzed  by  use  of  SPSS  subprogram  CONDESCRIPTIVE, 
which  calculates  "common  measures  of  central  tendency  and  dispersion 
for  Interval- scale  variables  that  assume  a  large  number  of  values 
C7«7]."  Variables  that  can  assume  a  continuum  of  values  are  appro¬ 
priate  for  CONDESCRIPTIVE  analysis.  The  results  of  the  CONDESCRIPTIVE 
analysis  which  became  a  part  of  the  model  are  tabulated  in  Table  3> 

Work  Order  Data 

The  Work  Order  Data  shown  In  Appendix  D  was  also  analyzed  by  use 
of  the  SPSS  computer  program,  but  the  analysis  was  accomplished  in  a 
step-by-step  sequence  In  much  the  same  sequence  that  the  data  elements 
would  be  determined  or  become  known  In  operation  of  the  actual  system. 

When  a  work  request  Is  received  by  CSU,  any  Special  Interest  (SI) 
In  that  request  and  the  Work  Class  (WC)  of  the  requested  work  are  readily 
apparent  to  an  experienced  Customer  Service  Specialist.  Subprogram 
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Data  Element 

Number  of 
Observations 

Mean 

Range 

Standard 

Deviation 

Planning  Man-hours 

38 

3.842 

0-15 

3.484 

Received  to  Planning 

50 

1.180 

C-ll 

2.087 

To  and  from  Planning 
* 

49 

3.163 

0-36 

6.219 

To  and  from  DEE 

12 

33.417 

0-162 

48.254 

To  and  from  PCC 

0 

0 

0 

0 

To  and  from  R  4  R 

13 

3.923 

0-24 

7.533 

To  CSU  to  Scheduling 

35 

1.143 

0-17 

3-751 

Received  to  next 

105 

.571 

0-11 

1.550 

Last  to  CSU 

89 

3.416 

0-85 

11.482 

Table  3 

CONDESCRIPTIVE — Work  Request  Sample  Data 


FREQUENCIES  was  used  to  evaluate  the  relative  frequency  of  occurrence  of 
each  of  the  SI  codes  and  each  of  the  work  classes.  These  codes  were  not 
known  for  two  of  the  259  work  orders.  The  frequencies  found  for  the  SI 
codes  are  shown  In  Table  4. 


SI 

Code 

Freauency 

Relative 

Freauency 

Cumulative 

Freauency 

Blank 

0 

164 

63.8 

63.8 

Command  Interest 

1 

42 

16.3 

80.1 

Fire  Deficiency 

2 

16 

6.2 

86.3 

Hospital  Support 

3 

12 

^.7 

S1.0 

3AF  Project 

4 

4 

1.6 

92.6 

Communications  Support 

5 

7 

2.7 

95.3 

Weapons  Storage  Area 

6 

8 

3-1 

98.4 

Dorm  Rehab  Program 

7 

2 

0.8 

99.2 

3omb  Comp  Support 

8 

2 

0.8 

100.0 

Missing 

(?) 

TOTAL 

257 

100.0 

Table  4 

Special  Interest  (Si)  Code  Frequencies 
SPSS  subprogram  CROSSTABS  was  run  to  tabulate  the  relative  fre¬ 
quencies  of  occurrences  of  each  of  the  possible  Work  Classes  given  each 
SI  code.  SPSS  procedure  CRCSSTABS  permits  a  two-way  to  n-way  cross¬ 
tabulation  of  variables.  It  produces  two-way  tables  to  display  the 
Joint  frequency  distribution  of  two  variables  and  computes  statistics 
based  on  these  tables  (7*7) .  A  portion  of  the  output  from  this  com¬ 
puter  program  Is  shown  at  Table  5. 
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SI  Code 

COUNT 

Work  Class 

ROU  PCT 

BLANK 

NN  T 

RPR 

N-C 

0 

1 

1 

7 

1  3 

• 

1  4 

37 

1 

27 

1  42 

RL4NH 

1  l  .  0 

22.4 

I 

14.4 

1  90.0 

1 

3 

7 

1 

4 

1  23 

C*0  t  NT 

7.1 

14.7 

1 

21.4 

1  44.0 

? 

0 

4 

1 

2 

1  10 

r  40? 

* 

0  . 

2  9. 0 

1 

12.9 

1  42.9 

3 

6 

4 

r 

0 

1  2 

MOS* 

*10.0 

_ _ 

33.3 

1 

m  | 

0  . 

1  14.7 

4 

0 

4 

i 

0 

1  0 

8*r 

0  . 

103.0 

I 

.  | 

0. 

I  0  . 

4 

1 

1 

i 

0 

1  9 

COnn 

14.3 

14.3 

i 

0  . 

I  71.4 

A 

0 

1 

» 

0 

1  7 

USA 

0  . 

_ 

12.9 

1 

f 

0  . 

1  47.9 

7 

1 

0 

i 

0 

1  2 

DOR* 

0  . 

0  . 

1 

f 

0  . 

1  100.0 

a 

• 

0 

i 

0 

I  2 

ROM4COMP 

0  a 

0  . 

i 

0  . 

1  100.0 

colu*n 

_ 

24 

90 

34 

133 

TOT4L 

10.0 

22.4 

14.4 

41.8 

Table  5 

CRCSSTABS — SI  Code  by  Work  Class 


rom 

tot*l 


t  44 
6  3  .  4 

4? 

14.1 

14 

6.7 

1  9 

4.7 

4 

1  .4 
7 

?.▼ 

4 

5.1 


R  .  4 
7 

0.4 

247 
1  0«  .  R 


SPSS  subprogram  CROSSTABS  was  also  used  for  three-way  analysis 
of  frequencies  of  Priority  with  each  combination  of  SI  and  Work  Class 
and  frequencies  of  Number  of  Shops  with  each  combination  of  SI  and 
Work  Class.  These  eighteen  tables  are  not  included,  but  their  use  is 
described  in  Chapter  U. 

SPSS  subprogram  REGRESSION  was  used  to  analyze  Estimated  Man- 
hours,  Estimated  Materials,  Planning  Man-days,  Total  Time  in  Planning, 
Total  Time  in  Material  Control,  Time  between  Material  Control  and  Actual 
Work  Start,  and  Time  between  Work  Start  and  Work  Completion. 

SPSS  REGRESSION  procedure  is  used  for  multiple  regression 
calculations  which  allow  the  researcher  to  study  “the  linear  relation¬ 
ship  between  a  set  of  independent  variables  and  a  dependent  variable 
while  taking  into  account  the  interrelationships  among  the  Independent 
variables.  The  basic  goal  of  multiple  regression  is  to  produce  a  linear 
combination  of  independent  variables  which  will  correlate  as  highly  as 
possible  with  the  dependent  variable  L7»8-9]."  This  linear  combination 
can  then  be  used  to  predict  values  of  the  dependent  variable.  Stepwise 
multiple  regression  was  used,  allowing  the  computer  program  to  bring 
into  the  equation  at  each  step  the  remaining  variable  which  served  to 
explain  the  largest  portion  of  the  as  yet  unexplained  variation. 

The  output  of  these  regression  analyses  is  a  series  of  factors 
which  can  be  used  in  a  regression  equation  of  the  formi 
T  ■  A  ♦  BjXi  ♦  B2X2  ♦  .  .  .  ♦  ByXfc 
where  Y  is  the  dependent  variable,  A  is  the  Y  intercept,  the  B,  are 
regression  coefficients,  and  the  Xj^  are  the  independent  variables. 

Each  8^  represents  the  expected  change  in  Y  with  the  addition  of  one 
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unit  of  X^  while  the  quantity  of  all  other  X,  axe  held  conatax.t 

(7*328-330). 

A  portion  of  the  data  collected  la  nominal  data,  in  that  each 
value  ia  a  diatinct  category  and  the  value  ltaelf  aervea  merely  aa  a 
label  or  rame  for  the  category.  No  assumption  of  ordering  or  diatancea 
between  categorlea  la  made.  For  inatance,  the  Work  Claaa  and  the 
Special  Intereat  code  are  nominal  varlablea.  In  auch  caaea,  the 
counting  of  members  in  each  category  ia  the  only  poaaible  arithmetic 
operation  that  can  be  used  (7i4).  When  used  aa  a  regreaaion,  each 
poaaible  label  muat  be  treated  aa  a  separate  variable  which  ia  either 
preaent  (Xt  -  l)  or  abaent  (X,^  -  0)  in  the  equation. 

One  of  the  outputs  of  multiple  regreaaion  la  the  R2  statistic. 
This  statistic  indicates  the  proportion  of  variation  explained  by  the 
independent  variables  included  in  the  regreaaion  equation.  Another 
output  from  multiple  regression  ia  the  standard  error.  The  standard 
error  statistic  indicates  that,  on  the  average,  the  'value  of  the 
dependent  variable  will  deviate  from  the  actual  value  by  that  parti¬ 
cular  number  of  units  (7*331). 

Following  la  a  description  of  how  multiple  regression  was  used 
to  develop  the  regression  equations  for  the  'variables  "Estimated  Man- 
hours,”  "Estimated  Materials,"  "Planning  Man-days, ”  "Planning  Time," 
"Material  Control  Time,"  "Time  to  Start,"  and  "In  Progress  Time."  The 
researchers  chose  the  lowest  standard  error  as  the  basis  for  the  best 
regression  equation  in  each  case. 

Estimated  Man-hours  was  regressed  against  Number  of  Slops  and 
individual  Work  Class  and  SI  code.  The  resulting  coefficients,  constant, 


56 


standard  error,  and  R“  are  shown  In  Table  6. 


Dependent  Variable  •  Estlaated  Man-hours 

Analysis  of  Variance 

DF 

R  Square  ■  0.2950 

Regression 

8 

Standard  Error  -  127.5506 

Residual 

248 

— Variables  In 

the  Equation — 

Variables 

B 

Standard  Error  B 

Number  of  Shops 

36.8496 

5.3001 

SI  (Command  Interest) 

89.4413 

22.2288 

WC  (Repair) 

97.2647 

23.3075 

WC  (Maintenance) 

40.8196 

20.2109 

SI  (Weapons  Storage  Area) 

91.9906 

46.6938 

SI  (Eighth  Air  Force) 

111.4747 

66.552* 

SI  (Bomb  Competition) 

141.4610 

91.3864 

SI  (Communication) 

68.7316 

49.6720 

(Constant) 

-6.3595 

Legend: 

WC  “  Work  Class 

SI  “  Special  Interest 

Table  6 

Regression — Estimated  Man-hours  on  Work  Class, 
Special  Interest  Code,  and  Humber  of  Shops 


Estimated  Materials  Mas  regressed  against  Number  of  Shops, 
Estimated  Man-hours,  and  each  Work  Class  and  SI  code.  The  resulting 
data  is  shown  in  Table  7. 


Dependent  Variable 

-  Estimated  Materials 

Analysis  of  Variance 

DF 

R  Square 

-  0.1977 

Regression 

6 

Standard  Error 

-  1894.  5296 

Residual 
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— Variables 

in  the  Equation— 

Variables 

B 

Standard  Error  B 

Estimated  Man-hours 

6.0976 

0.9288 

WC  (Maintenance) 

363-3730 

300.5993 

Number  of  Shops 

-185.8713 

85.4277 

SI  (Eighth  Air  Force) 

-1773.1925 

993.5732 

WC  (Repair) 

434.6407 

353-7728 

SI  (Command  Interest) 

-344.6478 

335.3891 

(Constant) 

475.9245 

Table  7 

Regression — Estimated  Materials  on  Work  Class, 
Special  Interest  Code,  Number  of  Shops, 
Estimated  Man-hours 


Planning  Man-days  was  computed  within  the  SPSS  REGRESSION  pro¬ 
gram  to  be  Planning  Man-hours  divided  by  eight  hours  per  day.  Planning 
Man-days  was  then  regressed  against  Number  of  Shops.  Estimated  Man-hours. 
Estimated  Materials,  and  each  Work  Class,  SI  code,  and  Priority.  The 
resulting  data  is  shown  in  Table  8. 


Dependent  Variable  ■  Planning  Man-days 

Analysis  of  Variance 

DF 

R  Square  ■  0.2410 

Regression 

9 

Standard  Error  -  0.8596 

Residual 

247 

— Variables 

in  the  Equation — 

Variable 

B 

Standard  Error  B 

Priority  1 

1.5596 

0.3714 

Number  of  Shops 

0.0663 

0.0307 

WC  (Maintenance) 

-1.5566 

0.1402 

SI  (Weapons  Storage  Area) 

0.7448 

0.3153 

SI  (Bomb  Competition) 

-1.7235 

0.6936 

Estimated  Man-hours 

0.0008 

0.0004 

Priority  4 

-0.5476 

0.2414 

Priority  3 

-0.4443 

0.2082 

Priority  2 

-0.2977 

0.1975 

(Constant) 

0.9173 

Table  8 

Regression— Planning  Man-days  on  Number  of  Shops,  Estimated 
Man-hours,  Estimated  Materials,  Work  Class,  Special 
Interest  Code,  and  Priority  1  through  4 


Planning  Time  was  computed  by  a  FORTRAN  program  to  be  the  dif¬ 
ference  In  dates  between  the  date  logged  To  Planning  and  the  date  logged 
From  Planning  when  the  work  orders  went  to  Planning  for  planning  (as 
opposed  to  going  to  Planning  for  evaluation  In  the  Work  Request  3tage). 
This  Planning  Time  was  regressed  against  Number  of  Shops,  Estimated  Man¬ 
hours,  Estimated  Materials,  Planning  Man-days,  and  each  Work  Glass,  SI 
code,  and  Priority.  The  resulting  data  Is  shown  in  Table  9. 


Dependent  Variable  -  Planning  Time 

Analysis  of  Variance 

DF 

R  Square  -  0.1510 

Regression 

5 

Standard  Error  -  14.3329 

Residual 

182 

— Variables  in 

the  Equation — 

Variable 

B  Standard  Error  B 

SI  (Dorm  Rehab) 

69.6910  14.5261 

Planniig  Man-days 

2.6297  1.1641 

Priority  2 

4.4593  2.2525 

WC  (Minor  Construction) 

-2.9921  2.2197 

SI  (Command  Interest) 

3.3375  3.3025 

(Constant) 

3.0417 

Table  9 

Regression— Planning  Time  on  Number  of  Shops,  Estimated  Man-hours, 
Estimated  Materials,  Planning  Man-days,  Work  Class, 

Special  Interest  Code,  and  Priority  1  through  4 
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Matarl&l  Control  Tine  was  computed  by  a  FORTRAN  program  and  is 


the  difference  In  dates  between  the  time  first  logged  in  at  Material 
Control  and  first  logged  out  of  Material  Control.  This  Material  Control 
Tine  was  regressed  against  Number  of  Shops,  Estimated  Materials,  and 
each  Work  Class,  SI  code,  and  Priority.  The  resulting  data  is  shown 
in  Table  10. 


Dependent  Variable  -  Material  Control  Time  Analysis  of  Variance  DF 

R  Square  -  0.1042 

Regression 

13 

Standard  Error  -  54.8301 

Residual 

185 

— Variables 

in  the  Equation— 

Variable 

B  Standard  Error  B 

WC  (Maintenance) 

-10.2961 

15.5284 

SI  (Command  Interest) 

-36.7407 

13.5489 

Estimated  Materials 

0.0041 

0.0038 

Priority  1 

-87.2948 

27.5056 

WC  (Repair) 

38.6771 

17.7801 

WC  (Minor  Construction) 

20.8784 

14.4578 

SI  (Communication) 

-50.4506 

29.1215 

Number  of  Shops 

2.8997 

2.6052 

51  (Fire  Protection) 

19.4910 

16.1604 

Priority  2 

-38.8464 

19.5423 

Priority  4 

-44.1655 

23.6727 

Priority  3 

-27.9634 

20.0759 

SI  (Hospital) 

-21.5572 

18.5348 

(Constant) 

87.1651 

Table  10 

Regression— Material  Control  Time  on  Number  of  Shops, 
Estimated  Materials,  Work  Class,  Special  Interest 
Code,  and  Priority  1  through  4 


Time  to  Start  was  computed  by  a  FORTRAN  program  to  be  the  dif¬ 
ference  In  Start  Date  and  the  last  date  out  of  Material  Control  If  the 
work  order  went  to  Material  Control,  or  the  Date  Authorized  If  the  work 
order  did  not  go  to  Material  Control.  Time  to  Start  was  regressed  on 


Number  of  Shops,  Estimated  Man-hours,  Estimated  Materials,  and  each 

Class,  SI  code,  and  Priority,  The  resulting  data  Is  shown  in  Table 

Work 

11. 

Dependent  Variable  •  Time  to  Start 

Analysis  of  Variance 

DF 

R  Square  ■  0.1164 

Regression 

8 

Standard  Error  -  48.0001 

Residual 

190 

— Variables  In 

the  Equation — 

Variable 

3 

Standard  Error 

B 

SI  (Communication) 

70.9451 

22.3159 

Priority  3 

22.0761 

8.2760 

WC  (Minor  Construction) 

24.0900 

11.5991 

WC  (Repair) 

21.4988 

14.0065 

WC  (Maintenance) 

15.0425 

12.8915 

SI  (Command  Interest) 

-16.3056 

11.9767 

% 

Estimated  Man-hours 

0.0585 

0.0410 

Estimated  Materials 

-0.0019 

0.0017 

' 

(Constant) 

9.2613 

■ 

1 

Table  11 

Regression — Time  to  Start  on  Number  of  Shops,  Estimated 
Man-hours,  Estimated  Materials,  Special  Interest 
Code,  Work  Class,  and  Priority  1  through  4 
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In  Progress  Time  was  computed  by  a  FORTRAN  program  to  be  the  dif' 


ference  In  Start  Date  and  Completion  Date.  In  Progress  time  was 
regressed  on  Number  of  Shops,  Estimated  Man-hours,  and  each  Work  Class, 
SI  code,  and  Priority.  The  resulting  data  is  shown  in  Table  12. 


Dependent  Variable  “  In  Progress  Days 

Analysis  of  Variance 

DF 

R  Square  •  0.2546 

Regression 

8 

Standard  Error  -  31*5650 

Residual 

248 

— Variables 

in  the  Equation — 

Variable 

B 

Standard  Error  B 

Estimated  Man-hours 

0.0912 

0.0156 

SI  (Command  Interest) 

15.2090 

6.0620 

Priority  4 

-33-4859 

9.1851 

Priority  2 

-25.5400 

7.5250 

Priority  3 

-25.6628 

7.8496 

WC  (Maintenance) 

7.7709 

5.1409 

Priority  1 

-19.5028 

12.6511 

Number  of  Shop 3 

-  1.9816 

1.41Q6 

(Constant) 

34.9629 

Table  12 

Regression— In  Progress  Days  on  Work  Class  (Maintenance), 
Special  Interest  Code  (Command  Interest),  Number  of 
Shops,  Estimated  Man -hour 3,  and 
Priority  1  through  4 


SPSS  subprogram  CCNDESCRIPTIVE  was  used  In  analysis  of  some  of 
the  differences  In  dates  between  processing  points  which  were  considered 
to  be  Independent  of  the  attributes  of  the  work  request/work  order  being 
processed.  These  date  differences  were  computed  through  use  of  a 
FORTRAN  computer  program  prior  to  SPSS  analysis.  The  variables  analyzed 
and  some  of  the  descriptive  statistics  output  are  summarized  In  Table  13. 
Oases  In  which  either  of  the  data  elements  were  missing  or  where  the 
recorded  dates  reflected  a  negative  difference  (where  the  work  request/ 
work  order  had  been  processed  In  other  than  the  evaluated  sequence)  were 
treated  as  missing  cases  and  were  not  Included  In  computation  of  the 
statistics. 

ESTIMATES  MADE 

The  data  collected  and  analyzed  as  described  above  provided 
evidence  or  guidelines  for  many  of  the  parameters  required  for  modeling 
the  system.  No  data  was  available,  however,  for  many  other  parameters 
required  for  modeling  the  system. 

It  was  estimated  by  one  of  the  three  people  who  work  In  the 
Customer  Service  Unit  at  3arksdale  that  one  of  the  Customer  Service 
Specialists  could  easily  process  all  work  requests/work  orders  traversirg 
the  CSU. 

It  was  estimated  by  the  Chief  of  the  Planning  Section  at 
Barksdale  that  six  of  the  eight  assigned  planners  are  working  on  work 
requests  or  work  orders  at  any  given  time,  with  the  remaining  two 
planners  handling  job  orders  and  other  tasks. 

It  was  estimated  by  the  Chief  of  the  Engineering  Design  Section 
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Data  Element 

Number  of 
Observations 

Mean 

Range 

Standard 

Deviation 

Received  to  next 

208 

2.260 

0-140 

12.396 

To  and  from  EEE 

5 

17.000 

0-57 

24.238 

To  and  from  Other 

3 

2.000 

0-6 

1.000 

Prom  Approval  to  Scheduling 

216 

3.39^ 

0-98 

11.230 

From  Scheduling  to  Planning 

180 

2.717 

0-155 

11.611 

From  Planning  to  Authorized 

188 

15.048 

0-145 

22.473 

From  Authorization 

to  Material  Control 

192 

3.422 

0-225 

17.666 

Table  13 

CONEESCRIPTIVE—Work  Order  Data 
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that  an  average  of  less  than  one  engineer  la  actively  engaged  In  con¬ 
ducting  evaluations  of  work  requests. 

The  data  as  collected  and  analyzed  and  the  estimates  made  by 
personnel  working  In  the  system  provided  enough  of  the  parameters  of 
the  system  to  begin  to  computerize  a  model  of  the  system  using  the 
Q-GEHT  analysis  program.  The  modeling  process  will  be  described  In 
Chapter  4. 
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Chapter  U 


MODELING  THE  SYSTEM 

INTRODUCTION 

This  chapter  la  devoted  to  a  description  of  how  Q-GERT  was 
applied  to  this  study,  as  well  a3  to  a  description  of  the  Q-GERT 
methodology  Itself,  Including  a  description  of  the  symbols  used. 

Also  described  Is  the  construction  of  the  model. 

H-GERT  SYMBOLS 

As  Indicated  In  Chapter  1,  i-GERT  methodology  was  used  to 
provide  the  operational  technology  for  this  study  of  the  BCE  work 
request/work  order  processing  system.  A  complete  network  of  the  work 
request/work  order  model  Is  Included  In  Appendix  E. 

^ -CERT  uses  a  set  of  special  symbols  to  represent  the  object 
system.  A  description  of  these  symbols  will  follow;  however,  for  a 
more  detailed  explanation  of  Q-GERT,  the  reader  is  referred  to  Modeling 
and  Analysis  Using  £-CERT  Networks.  2nd  edition,  by  A.  Alan  B.  Prltsker. 

Q-GERT  uses  an  actlvity-on-branch  network  system  In  which  a 
branch  represents  an  activity  that  consumes  time.  Nodes  are  used  to 
separate  branches  and  are  used  to  model  milestones,  decision  points, 
and  queues.  A  3-GERT  network  consists  of  nodes  and  branches.  Flowing 
through  the  network  are  items  referred  to  as  transactions.  Transactions 
are  directed  through  the  network  according  to  the  branching  charac- 
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teristica  of  the  nodes.  Transactions  can  represent  physical  objects, 
information,  or  a  combination  of  the  two.  In  this  simulation,  trans¬ 
actions  represent  work  requests,  some  of  which  become  work  orders 
midway  through  the  system.  Different  types  of  nodes  are  Included  in 
3-'TERT  to  allow  for  the  modeling  of  complex  queueing  situations  and 
project  management  systems.  Activities  can  be  used  to  represent 
servers  of  a  queueing  system,  and  Q-GERT  networks  can  be  developed  to 
model  series  and  parallel  service  systems.  The  nodes  and  branches  of 
a  Q-GERT  model  describe  the  structural  phases  of  the  astern. 

3-CERT  employs  the  following  basic  node  types— SOURCE  nodes, 
3-nodes,  STATISTICS  nodes,  and  RB1ULAR  nodes.  A  discussion  of  these 
basic  node  types  follows. 

The  first  type  of  node  in  a  3-CERT1  network  is  the  start  node 
or  SOURCE  node.  Its  purpose  is  to  serve  as  the  starting  point  for  the 
network  and  to  generate  incoming  transactions  (5i^,22,46) .  The 
following  figure  (Figure  10)  is  one  of  the  model’s  SOURCE  nodes.  SOURCE 
nodes  do  not  require  Incoming  transactions  to  be  released  the  first 
time.  The  release  of  a  node  is  the  term  used  in  Q-CERT  to  specify  that 
an  Incoming  transaction  can  pass  through  the  node  and  be  routed 
according  to  the  characteristics  of  the  node.  The  modeler  specifies 
the  number  of  incoming  transactions  needed  to  release  a  node  and  the 
number  of  subsequent  incoming  transactions  required  to  release  the  node. 
The  purpose  of  the  mark  node  (H)  is  to  mark  the  time  at  which  a  trans¬ 
action  is  released  from  a  node.  The  mark  time  assigned  to  the  trans¬ 
action  is  an  attribute  of  the  transaction  and  is  used  in  the  collection 
of  statistics  concerning  the  time  required  for  a  transaction  to  be 
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processed  through  a  portion  of  the  network  (5*22-25). 

The  second  type  of  5-GERT  network  node  to  be  discussed  Is  the 
5- node  (see  Figure  ll).  The  5-node  In  Figure  11  has  no  transactions 
Initially,  an  Infinite  queue  Is  allowed  to  form  before  the  server,  and 
transactions  will  reside  In  the  queue  on  a  flrst-ln,  first- out  basis. 

A  5-node  represents  a  waiting  period.  Statistics  are  automatically 
collected  on  all  5- nodes  (5:25, ^*6). 

The  third  type  of  node  Is  the  STATISTICS  node  (see  Figure  12). 
The  purpose  of  a  STATISTICS  node  Is  to  maintain  statistics  on  node 
realization  times  or  on  transaction  flow  times.  The  STATISTICS  node 
is  organized  the  *.se  as  a  SOURCE  node.  The  "I”  In  the  STATISTICS  node 
indicates  Interval  statistics.  It  records  the  Interval  of  time  from 
the  marking  of  the  transaction  to  the  release  time  of  the  STATISTICS 
node  (5*^*6. 6?). 

The  fourth  type  of  node  Is  the  REGULAR  node  (see  Figure  13). 

It  has  no  special  function  other  than  the  receiving  and  the  routing 
of  transactions  (51^)  •  The  REGULAR  node  makes  It  possible  for  the 
modeler  to  specify  that  two  or  more  transactions  must  arrive  before 
service  can  be  provided  (5*38). 

In  addition  to  the  basic  node  types  mentioned  above,  there  are 
other  types  used  In  Q-GERT  networks.  One  such  node  Is  the  REGULAR 
node  with  "conditional — take  first  branching”  (see  Figure  1U),  Con¬ 
ditional  branching  specifies  a  condition  that  must  be  satisfied  If  the 
transaction  Is  to  be  routed  through  the  branch.  The  conditions  specified 
on  the  branches  are  evaluated  In  order  and  the  transaction  is  routed 
along  the  first  branch  for  which  the  condition  Is  satisfied.  As  soon 
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Initial  number  of 
transactions  required 
to  release  node  „ 


Node  number 


to  release  node 


Figure  12 


Statistics  Node 


Figure  13 
Regular  Node 
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Figure  3> 

Regular  Node  with  Conditional --Take  First  Branching 
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as  one  condition  is  found  that  is  satisfied,  the  activity  on  that 
branch  is  scheduled,  and  the  other  conditions  are  not  evaluated  (5«145). 
In  Figure  14,  the  condition  specified  on  the  branch  from  node  29  to 
node  30  indicates  that  the  transaction  should  be  routed  through  this 
branch  if  the  value  of  attribute  5  of  the  transaction  is  less  than 
2.5  (A5.LT. 2. 5).  If  this  is  the  case,  the  transaction  is  routed  through 
activity  35  where  it  incurs  a  time  delay,  (UN,  1?)  uniformly  distributed 
in  accordance  with  parameter  set  17,  before  it  arrives  at  node  30.  Once 
the  transaction  is  routed  to  node  JO,  no  further  evaluations  at  node  29 
would  occur.  If  the  value  of  attribute  5  for  the  current  transaction 
is  greater  than  2.5.  then  the  condition  on  the  branch  froa  node  29  to 
node  31  is  evaluated.  The  condition  specified  here  (A5.LT.3.5)  indicates 
that  the  transaction  should  be  routed  through  this  branch  if  the  value 
of  attribute  5  of  the  transaction  is  less  than  3«5»  If  this  is  the 
case,  the  transaction  encounters  a  delay  of  1.6  time  units  (CO,  1.6) 
and  then  is  routed  to  node  31.  If  the  transaction  is  routed  to  node  31. 
no  further  evaluation  at  node  29  will  occur.  If  the  value  of  attribute 

5  is  greater  than  3.5.  the  condition  on  the  branch  from  node  29  to  node 
32  is  evaluated.  The  condition  specified  here  (A5.GE.3.5)  indicates 
that  the  transaction  should  be  routed  through  this  branch  if  the  value 
of  attribute  5  Is  greater  than  or  equal  to  3.5*  This  would  occur  with 
a  delay  of  the  number  of  time  units  indicated  by  the  value  of  attribute 

6  (AT,  6)  for  the  current  transaction. 

Another  node  la  the  ALLOCATE  node  (see  Figure  15).  The  ALLOCATE 
node  is  used  to  allocate  resources  to  transactions  that  arrive  to  or  are 
waiting  in  Q- nodes  that  precede  the  ALLOCATE  node.  Resources  are 
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allocated  when  resources  become  available  due  to  a  transaction  passing 
through  a  FREE  or  ALTER  node  (5*  359-360) . 

The  FREE  node  (Figure  16)  is  placed  in  the  network  where  trans¬ 
actions  can  cause  resources  to  be  made  available.  The  resource  number 
and  the  units  of  the  resource  to  be  freed  are  prescribed.  Other  in¬ 
formation  associated  with  the  FREE  node  is  a  list  of  ALLOCATE  nodes  to 
be  polled  in  order  to  reallocate  the  resources  freed  at  the  FREE  node 
(5i 362-364). 

The  ALTER  node  (see  Fig-ore  17)  is  placed  in  the  network  at 
locations  where  it  is  desired  for  transactions  to  cause  a  change 
(positive  or  negative)  in  the  capacity  of  a  resource  type.  Each  trans¬ 
action  that  arrives  to  the  ALTER  node  causes  the  same  alteration  in  the 
resource  capacity.  Branching  from  an  ALTER  node  can  be  done  in  the 
sane  manner  as  from  a  REGULAR  node.  A  list  of  ALLOCATE  nodes  are 
prescribed  for  the  ALTER  node  in  the  same  manner  as  is  done  for  the 
FREE  node  (5» 364-36?). 

The  model  was  essentially  constructed  to  represent  the  flow  of 
work  requests  and  work  orders  experienced  at  Barksdale.  When  the  nodes 
Just  described  are  combined  with  the  distributions  and  regressions 
developed  in  Chapter  3,  a  network  of  the  BCE  work  request/work  order 
processing  system  was  developed.  See  Appendix  E  for  the  Q-CERT  network 
model  of  the  system. 

ANALYSIS  OF  Q-GERT  NETWORK 

The  analysis  of  a  q-GERT  network  is  performed  by  the  Q-GERT 
Analysis  Program  on  a  digital  computer.  "The  Q-GERT  Analysis  Program 
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Resource  number 
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to  be  freed 


Allocate  nodes  in  the  order 
to  be  polled  to  allocate 
freed  resource  units 


Figure  16 
Free  Node 
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Resource  number 


Node  number 


Allocate  nodes  In  the  order 
to  be  polled  to  allocate 
freed  resource  units 


II 

X 

T 
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employs  simulation  techniques  to  analyze  the  flow  of  transactions 
through  the  network  In  order  to  obtain  statistical  estimates  of  the 
quantities  prescribed  on  the  Q-GERT  network  C5»523."  Through  the  use 
of  specially  coded  data  cards,  the  network  Is  Input  Into  the  computer 
for  analysis.  Each  node,  activity,  and  parameter  set  In  the  network 
requires  a  data  card.  In  addition,  special  cards  are  required  to 
Identify  attributes,  identify  resources,  and  to  begin  and  end  the 
program  (5*52-53). 

The  data  cards  are  Identified  with  a  three-character  alpha¬ 
numeric  Identification  specified  In  the  first  field  of  the  card.  The 
basic  card  types  ares 

GEN  -  general  project  information 

REG  -  regular  node  description 

SOU  -  source  node  description 

SIN  -  sink  node  description 

STA  -  statistics  node  description 

QUE  -  queue  node  description 

PAR  -  parameter  set  values 

ACT  -  activity  description 

FIN  -  finish  (signals  end  of  Input  cards) 

The  node  cards  Indicate  the  number  of  the  node  they  refer  to  and  then 
the  specific  data  concerning  the  particular  node  are  given.  The  GEJi 
card  is  required  to  start  the  network  and  Is  used  to  Identify  general 
information  about  the  network  such  as  name  of  the  modeler,  the  project 
name,  the  date,  the  number  of  statistics  and  sink  nodes,  and  the  time 
and  number  of  runs.  The  FIN  card  is  used  to  indicate  the  end  of  the 


00 


Input  cards.  The  Q-GERT  Analysis  Program  employs  distinct  event  pro¬ 
cedures  to  simulate  the  flow  of  transactions  through  the  network. 
Basically,  only  one  type  of  event  is  included  in  the  programs  the 
arrival  of  a  transaction  at  a  node.  The  decision  logic  that  can  occur 
when  a  transaction  arrives  at  a  node  is  included  in  the  programs  and 
the  appropriate  actions,  including  the  collection  of  statistical 
quantities,  are  taken  based  on  the  network  model  provided  by  the 
modeler  (5»5>58).  For  a  listing  of  the  coded  Q-GERT  model  see 
Appendix  F. 

In  addition  to  the  coded  Q-GERT  model,  a  user  function  was 
written  in  FORTRAN  to  supplement  the  model  (see  Appendix  F).  The  use 
of  this  user  written  program  insert  allows  the  modeler  to  model  spe¬ 
cialized  situations  such  as  the  BCE  work  request/work  order  processing 
system,  which  has  many  time  related  events  and  numerous  distribution 
types  and  frequencies.  The  letters  UF  in  the  Q-GERT  input  are  used  to 
indicate  that  a  user  function  is  to  be  used  at  a  branch  or  node.  For 
example,  Figure  18  Indicates  the  user  function  number  2  (UF,  Z)  is  to 
be  called  every  time  service  activity  3  is  started.  The  primary  use 
of  user  function  number  2  is  to  specify  the  performance  time  at 
activity  2.  Additionally,  other  decision  elements  may  be  coded  into 


Figure  18 

Calling  of  User  Function 
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the  function  such  as  the  halting  of  ongoing  activities,  the  reasalgTment 
of  attribute  values,  and  the  aodiflcation  of  nodes  (5iCh.7).  In  this 
manner,  various  distributions  required  by  the  slaulation  aodel  were 
identified. 

CONSTRUCTION  OF  THE  MODEL 

The  i-GERT  siaulation  aodel  of  the  work  request/work  order 
processing  system  was  constructed  as  shown  in  the  Q-GERT  network  flow 
diagram  at  Appendix  E.  The  aodel  was  essentially  constructed  to  dupli¬ 
cate  the  flow  of  actual  work  requests  and  work  orders  experienced  at 
3*rksdale,  but  due  to  the  limitations  of  time  and  computer  space 
restrictions,  many  assumptions  had  to  be  made  to  streamline  the  network. 
These  assumptions,  as  well  as  use  of  the  data  analysis  from  Chapter  3, 
will  be  discussed  in  this  section. 

Operation  of  the  aodel  is  generated  by  the  SOURCE  node  1. 
Activity  number  1,  which  loops  back  onto  node  1,  was  used  to  generate 
subsequent  arrivals  of  work  requests  at  node  1.  The  inter-arrival  rate 
was  assuaed  to  be  exponentially  distributed— the  Inverse  of  a  Poisson 
arrival  process.  The  mean  used  in  parameter  set  1  to  describe  this 
process  was  the  aean  taken  froa  the  Work  Requests  Received/Disposition 
Data  (Table  2).  Activity  2  calls  User  Function  (UF)  1,  providing  for 
no  delay  to  node  2  and  assigning  attributes  for  the  transaction. 

Q-node  2  represents  the  queue  of  requests  waiting  to  be  pro¬ 
cessed  by  the  CSV .  Included  in  this  queue  are  new  requests  plus  requests 
returning  froa  being  evaluated  by  Planning,  XE,  or  other  experts.  The 
CSU  specialist  selects  requests  to  be  processed  on  essentially  a  first- 


In — first-out  basis.  Activity  number  3  represents  the  processing  time. 
This  time,  described  by  parameter  set  2,  was  based  upon  the  estimate 
that  one  server  could  process  all  requests.  One  server  was  used  in  the 
model.  A  normal  distribution  was  assumed  for  lack  of  data  to  support 
any  distribution.  REGULAR  node  3  Mi3  used  to  facilitate  "conditional — 
take  first  branching"  from  CSU  to  one  of  six  possible  branches,  to  nodes 
4,  5»  6,  7.  8.  or  9.  The  Work  Requests  Received/Disposition  Data  was 
used  to  establish  the  probability  associated  with  each  of  these  branches. 

Unacceptable  requests  were  routed  to  STATISTICS  node  4  with  no 
delay.  The  routing  criteria  was  based  upon  attribute  10  which  had  beer, 
assigned  in  UF  1  based  upon  the  probability  of  any  request  being  found 
unacceptable.  Transactions  are  lost  to  the  system  upon  arrival  at 
STATISTICS  node  4. 

Requests  that  require  an  estimate  by  Planning  were  routed  to 
3-node  5*  where  the  requests  enter  a  queue  of  requests  waiting  to  be 
processed  by  Planning.  The  routing  criteria  was  based  upon  attribute  11 
which  had  been  assigned  in  UF  1. 

Upon  arrival  at  3-node  5,  transactions  await  allocation  of  a 
planner  (Resource  4)  at  ALLOCATE  node  34.  When  the  allocation  is  made, 
the  transaction  moves  immediately  to  REGULAR  node  60  where  the  service 
time  begins.  This  service  time  on  Activity  9  was  assumed  to  be  log- 
normally  distributed  based  upon  the  C CNEE SCRIPT I VE  analysis  of  planning 
man-hours,  which  is  described  by  parameter  set  4. 

Arrival  at  FREE  node  61  frees  the  planning  resource  for  reallo¬ 
cation  at  node  34.  Activity  60  back  to  3-node  2  requires  time  described 
by  parameter  set  14,  also  developed  from  the  CONEESCRIPTIVE  analysis, 
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minus  the  service  time. 

REGULAR  node  6  is  used  for  the  routing  of  requests  that  require 
evaluation  by  DEE.  This  evaluation  is  Activity  6  and  is  routed  according 
to  the  criteria  of  attribute  12.  The  DEE  evaluation  accomplishment  time 
is  lognormal ly  distributed  with  parameter  set  5  representing  the  pro¬ 
cessing  time  required  to  route  the  request  to  Q-node  2,  and  1s  based 
again  upon  the  CON DESCRIPTIVE  analysis. 

Requests  that  require  evaluation  by  some  other  section  (other 
than  Planning  or  DEE)  are  routed  to  REGULAR  node  7  based  on  attribute 
13  which  has  been  assigned  to  Activity  7.  After  evaluation  by  others, 
the  request  is  routed  to  Q-node  2,  with  an  associated  processing  time 
(parameter  3et  6)  that  is  assumed  to  be  lognormally  distributed  based 
•upon  the  one  case  found  in  the  Work  Request  Sample  Data  (Appendix  B). 

Requests  that  have  been  cancelled  by  the  user  are  routed  to 
node  3.  This  is  represented  by  Activity  3  and  based  on  attribute  14. 

Once  a  transaction  arrives  at  node  8  it  is  lost  to  the  system.  The 
assumption  was  made  that  cancellation  usually  occurs  during  the 
evaluation  or  approval  phase,  and  this  wa3  modeled  as  happening  between 
the  two  phases. 

Requests  remaining  in  the  system  are  routed  to  Q-node  9  for 
approval  by  the  Chief  of  Production  Control  (PCC)  or  Chief  of  the 
Customer  Service  Unit.  Times  required  for  approval,  disapproval,  or 
forwarding  are  assumed  to  be  lognormally  distributed  as  described  by 
parameter  set  7. 

REGULAR  node  10  is  used  for  branching  to  node  11,  21,  or  22 
on  the  "conditional — take  first"  basis. 

84 


Requests  above  the  approval  authority  of  the  PCC  or  £hlef  of 
CSU  are  routed  to  node  11.  The  decision  roles  of  Table  1  in  Chapter  3 
were  used  to  establish  the  value  of  attribute  7,  upon  which  taking  this 
branch  is  based. 

Requests  disapproved  at  this  level  are  routed  to  STATISTICS 
node  21  based  upon  the  value  of  attribute  9  which  was  developed  from 
the  Work  Requests  Received/Disposition  Data.  Requests  approved  at  this 
level  are  routed  to  node  22. 

Requests  reaching  Q-r.ode  11  for  approval  by  the  Chief  of  R  *  R 
or  the  Chief  of  the  Operations  Branch  are  queued  to  await  action.  Since 
no  work  orders  in  the  Work  Order  Data  were  recorded  as  having  been 
approved  by  the  Chief,  Operations,  only  the  Chief,  R  A  R,  was  Included 
in  the  approval  sequence!  but  the  approval  limits  of  the  Chief,  Opera¬ 
tions,  were  used  as  the  decision  rule.  Transactions  are  released  from 
Q-node  11  when  the  Chief,  R  *  R,  becomes  available  as  modeled  by 
ALLOCATE  node  37*  Availability  of  the  Chief,  R  A  R,  1s  controlled  by 
a  clock  at  ALTER  nodes  9^  and  93*  When  the  R  A  R  Chief  is  allocated, 
the  transaction  moves  to  REG'JLAR  node  62  where  the  service  time  begins. 
Arrival  at  FREE  node  12  makes  the  R  A  R  Chief  available  for  other  work. 
"Conditional — take  first  branching”  occurs  at  node  12  like  that  at 
node  10. 

Approvals  by  the  BCE  and  by  the  Facilities  Board  are  modeled  in 
the  3aae  manner.  At  the  completion  of  the  approval  chain,  each  trans¬ 
action  has  been  routed  to  either  node  21  or  node  22. 

At  STATISTICS  node  21,  statistics  on  time  to  disapproval  are 
collected,  and  transactions  are  lost  to  the  system. 
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At  Q-r.ode  22,  transactions  await  processing  by  the  CSU.  They 
are  served  on  Activity  28  in  tine  assumed  to  be  normally  distributed  and 
described  by  paraneter  set  2. 

Node  23  is  a  REGULAR  node  and  is  used  to  facilitate  "con¬ 
ditional-take  first  branching"  from  CSU  to  one  of  three  branches  (to 
nodes  24,  25,  or  26)  representing  methods  of  work  accomplishment.  The 
probability  associated  with  each  of  these  branches  is  based  on  the  Work 
Requests  Received/Disposition  Data. 

Requests  to  be  accomplished  by  job  order  are  routed  to  STATISTICS 
node  24.  The  routing  criteria  was  based  on  attribute  9,  which  had  been 
assigned  to  Activity  29«  Similarly,  requests  to  be  accomplished  by 
contract  were  routed  to  STATISTICS  node  25  with  routing  criteria  based 
on  attribute  9  for  Activity  30.  Transactions  reaching  nodes  24  or  25 
are  lost  to  the  systaa.  STATISTICS  node  26  collects  statistics  on  the 
requests  to  be  accomplished  by  work  order. 

Transactions  are  routed  from  node  26  to  node  27  by  Activity  32. 
STATISTICS  node  27  collects  the  interarrival  rate  of  work  orders  to  be 
completed.  Approved  work  orders  are  routed  from  node  27  to  Q-node  28 
by  Activity  33  which  calls  UF  2  to  reassign  values  to  attributes  9 
through  14. 

Q-node  28  represents  the  queue  of  requests  that  have  been 
approved  for  accomplishment  a3  work  orders.  A  first-in — first-out  rule 
is  used  by  the  Programmer  to  process  the  work  orders.  The  processing 
time  is  represented  by  Activity  34  and  is  normally  distributed  in 
accordance  with  parameter  set  21. 

Node  29,  a  REGULAR  node,  was  used  to  facilitate  "conditional — 
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take  first  branching"  from  the  Programmer  to  one  of  five  possible 
branches,  *o  nodes  30,  31,  32,  33,  °r  ^5. 

Work  orders  (W.O. *s)  that  require  an  estimate  by  Planning  are 
routed  to  Q-node  30  where  the  transactions  enter  a  queue  of  W.O. 's 
waiting  to  be  processed  by  Planning.  The  routing  criteria  was  based 
upon  attribute  9.  ALLOCATE  node  34  is  used  to  allocate  one  planner 
(Resource  type  4)  to  a  transaction  and  route  it  to  REGULAR  node  35» 

From  node  35,  the  transactions  are  routed  to  FREE  node  36.  The  per¬ 
formance  time  for  this  activity  (Activity  40)  is  given  by  attribute  9 
and  is  based  'upon  the  REGRESSION  of  Nan-days.  FREE  node  36,  for  every 
transaction  arriving,  will  free  one  unit  of  resource  type  4  for 
reallocation  at  node  y*.  The  processing  time  back  to  Q-node  28  is 
given  by  attribute  10,  which  is  based  upon  the  REGRESSION  of  Planning 
Time. 

Activity  36  is  used  to  identify  work  orders  that  need  to  go 
through  the  Chief  of  R  A  R  for  authorization.  Node  31  is  a  Q-node 
where  requests  enter  a  queue  of  requests  waiting  for  authorization. 

The  routing  criteria  was  based  upon  attribute  12,  which  had  been  ini¬ 
tialized  to  zero  in  UF  2  and  is  increased  to  3.0  at  node  30.  ALLOCATE 
node  37  is  used  to  allocate  one  unit  of  resource  type  3  and  route  it  to 
REGULAR  node  3®.  From  node  JQ,  the  transactions  are  routed  to  FREE  node 
39.  The  performance  time  for  this  activity  (Activity  42)  is  assumed  to 
be  lognoraally  distributed  based  on  the  criteria  of  parameter  7.  For 
every  transaction  arriving  at  node  39,  it  will  free  one  unit  of  resource 
type  3  Tor  reallocation  at  node  37.  Attribute  9  is  reassigned  a  value 
of  -1.0  to  prevent  re-entry  into  the  planning  loop.  The  processing  time 
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back  to  node  28  is  assumed  to  be  uniformly  distributed  based  on  the 
criteria  of  parameter  23- 

Work  orders  that  require  the  acquisition  of  materials  are  pro¬ 
cessed  through  Material  Control  (Q-node  32).  The  routing  criteria  to 
Q-node  32  is  based  on  attribute  6.  The  processing  time  from  Q-node  32 
to  REGULAR  node  40  is  assumed  to  be  normally  distributed  following  the 
criteria  of  parameter  25 ,  and  the  processing  time  from  REGULAR  node  40 
to  REGULAR  node  41  is  represented  by  Activity  45  and  is  based  on 
attribute  11,  which  was  established  in  UF  2  based  on  the  REGRESSION 

on  Material  Control  Time.  Further  processing  of  the  request^ from  node 

1 

41  to  Q-node  28  is  assumed  to  be  uniformly  distributed  according  to 
parameter  set  22. 

When  materials  are  complete,  transactions  are  routed  from  node 
29  to  Q-node  33  representing  material  complete  status,  where  they  await 
programming  into  the  First  Future  Month  (FFM)  In-Service  Work  Plan  ( IWP) . 
Transactions  are  queued  in  node  33  on  the  oasis  of  biggest  value  of 
attribute  8,  Precedence,  first,  which  was  assumed  to  be  based  upon  the 
REGRESSION  of  Time  to  Start. 

UF  4  ia  called  by  Activity  4?  from  node  33  to  node  42.  Thl3 
'JF  keeps  track  of  the  number  of  man-hours  programmed  into  the  FFM  IWP. 
When  the  FFM  IWP  is  filled,  Activity  47  is  blocked  by  node  42,  pre¬ 
venting  overprogramming. 

Releases  from  Q-node  42  occur  when  a  unit  of  resource  type  5  Is 
made  available.  Availability  of  this  resource  is  controlled  by  a  clock 
at  ALTER  nodes  96  and  97,  which  allow  the  resource  to  be  available  once 
per  month  for  0.1  days.  During  this  time,  the  contents  of  node  42  are 
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dumped  Into  Q-node  45,  representing  Current  Month  IWP. 

This  same  process  is  used  with  a  weekly  clock  for  establishing 
the  weekly  schedule,  which  is  modeled  as  being  released  to  the  shop 
foremen  at  FREE  node  48.  Evaluation  by  the  foremen  is  represented  as 
a  constant  2  days  on  Activity  50,  based  on  the  time  from  foremen's 
receipt  of  prescheduling  packages  to  the  prescheduling  meeting. 

At  the  prescheduling  meeting  some  work  orders  are  identified  as 
requiring  additional  materials,  some  are  not  accompi liable  for  other 
reasons,  and  others  are  accomplishable.  This  is  modeled  through 
probabilistic  branching  from  node  49  to  nodes  28,  49,  and  50, 
respectively. 

The  probability  of  branching  to  node  28  is  based  on  the  relative 
occurrence  of  ordering  materials  second  and  third  times  in  the  Work 
Order  Data.  'JF  3  la  called  on  Activity  53  hack  to  node  28  which  pro¬ 
vides  an  estimated  material  reorder  and  a  material  leedtime.  In 
addition,  UF  3  increases  attribute  12  to  5  so  that  the  work  order  can 
re-enter  the  Current  Month  IWP  when  the  reordered  materials  are 
available. 

The  probability  of  branching  back  tc  node  49  is  based  on  an 
assumption  made  by  the  researchers.  The  constant  activity  time  of  5 
days  represents  reconsideration  at  the  next  week's  prescheduling  meeting. 

The  probability  of  branching  to  Q-node  50  is  based  upon  the 
difference  between  1.00  and  the  probabilities  associated  with  the  other 
two  possible  branches.  The  constant  activity  time  to  node  50  of  3  days 
represents  the  delay  to  the  scart  of  the  following  week. 

Q-node  50  is  a  node  where  transactions  await  actual  work  start. 
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Here  again,  the  highest  precedence  job  is  modeled  as  starting  first. 

Activity  54  is  used  to  process  transactions  out  of  Q-node  50. 

'JF  8  is  called  to  calculate  the  processing  time  for  this  activity, 
which  is  computed  by  dividing  the  estimated  man-hours  by  16  and  dividing 
the  quotient  by  the  number  of  shops.  This  formula  was  developed  by  the 
researchers  to  be  representative  of  the  time  the  shops  would  be  blocked 
from  starting  the  next  job. 

ITF  8  also  establishes  a  new  value  for  attribute  14,  which  is 
used  S3  the  processing  tine  for  Activity  55.  This  activity  represents 
the  total  time  that  the  transaction  is  in  the  shops,  and  is  based  upon 
the  REGRESSION  on  In  Progress  Days.  Arrival  at  STATISTICS  node  52 
represents  the  end  of  the  system  as  modeled.  Interval  statistics  are 
here  collected  to  provide  information  on  total  time  in  the  system  for 
the  work  orders. 

The  above  description  was  a  discussion  of  the  completed  work 
request/work  order  processing  system  model  developed  for  this  research 
effort.  (See  Appendix  E  for  the  Q-GERT  model  network  and  Appendix  F 
for  the  coded  Q-CERT  program.)  With  the  construction  of  the  model 
completed,  it  was  possible  to  make  an  attempt  at  operationalizing  tl» 
model. 


OPERATIONALIZING  THE  MOTEL 

With  the  model  constructed  as  described  in  the  previous  section, 
numerous  attempts  were  made  at  operationalization  of  the  model. 

Successful  res'ilts  were  obtained  when  small  portions  of  the 
model  were  simulated  at  a  time,  but  neither  the  entire  system  nor  the 
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entire  work  order  portion  of  the  system  could  be  made  to  run  without 
error. 

The  error  codes  encountered  in  these  attempts  were  Q-GERT  error 
type  14,  "Insufficient  space  available  to  store  attributes  of  trans¬ 
actions  C8«438j,m  Honeywell  system  error  codes  FO,  Memory  Address 
Fault,  or  36,  Termination  of  Object  Program  Execution  via  FORTRAN  Exe¬ 
cution  Error  Monitor  (FXEM). 

The  Q-GERT  program  does  print  a  file  of  current  events  at 
program  termination  in  cases  such  as  this.  Such  a  current  events  file 
shows  the  end  time,  end  node,  activity  number,  mark  time,  attributes, 
and  transaction  number  of  all  ongoing  activities  at  termination,  as  well 
as  the  transaction  number,  mark  time,  and  attributes  of  all  transactions 
in  each  Q-node  at  termination. 

It  was  noticed  that  the  number  of  transactions  in  the  system 
at  each  termination  was  106.  These  facts  led  the  researchers  on  a 
search  of  Q-GERT  literature  to  discover  the  limit  which  was  being 
exceeded. 

It  was  found  that  the  limit  on  the  number  of  concurrent  trans¬ 
actions  in  the  Q-GERT  system  is  400  (9«Table  l).  This  limit  was  not 
being  exceeded,  but  it  was  later  found  in  the  same  document  that  the 
array  IESCR( . )  "maintains  the  transaction  attribute  information  and 
must  be  dimensioned  such  that  (number  of  attributes  per  transaction  +  l) 
*  (maximum  number  of  concurrent  transactions)  is  less  than  the  dimension 
of  DESCR  whicn  is  1600  [90]." 

Since  the  network  as  modeled  assigned  fourteen  attributes  to 
each  transaction,  the  system  as  modeled  was  therefore  limited  toi 
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(  14  +  1  )  *  (  MXTRS  )  <  1600, 

therefore: 

MXTRS  <  106. 

Investigation  then  was  conducted  Into  whether  this  limit  could 
be  extended.  A  telephone  call  to  Pritsker  A  Associates,  Inc.,  confirmed 
that  the  limit  on  DESCR  could  Indeed  be  extended  by  redimensioning  the 
Q-GEHT  object  program  (15). 

While  this  procedure  is  relatively  easy  to  accomplish,  the  time 
required  for  modification  and  for  testing  and  "debugging"  of  the  modi¬ 
fied  program  exceeded  the  time  limitations  imposed  on  this  research. 

Therefore,  the  model  was  not  successfully  operationalized  by  the 
researchers. 

The  remainder  of  this  chapter  will  be  a  discussion  of  how  the 
methodology  discussed  in  Chapter  2  needs  to  be  conducted  when  the  model 
can  be  operationalized. 


VALIDITY  CF  THE  MODEL 

The  validity  of  the  model  need3  to  be  verified  by  use  of  the 
Chi-Square  test  for  goodness  of  fit,  of  both  the  dispositions  and  the 
time  in  the  system. 

The  disposition  data  to  which  the  results  of  the  simulation 
should  be  compared  are  shown  in  Table  2,  Work  Requests  Received/ 
Disposition  Data.  The  simulation  will  produce  histograms  from 
STATISTICS  nodes  4,  8,  21,  24,  25,  and  26  which  will  show  the  observed 
frequency  of  realization.  These  frequencies  should  be  compared  as  the 
sample  data  with  the  expected  frequencies  based  on  the  percentages  of 
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the  total  shown  In  Table  2. 

The  tine  In  the  system  to  which  the  results  of  the  simulation 
should  be  compared  are  shown  In  Figure  19.  This  figure  Is  a  histogram 
typed  In  the  format  of  the  histogram  which  will  be  produced  at  STATISTICS 
node  52,  and  displaying  data  collected  In  the  Work  Order  Data.  The  data 
reflects  the  frequencies  of  differences  between  Date  Received  and  Date 
Complete  when  placed  Into  20  cells  with  upper  bound  of  the  first  cell 
of  40  days  and  cell  widths  of  20  days. 

The  relative  frequencies  should  be  used  to  develop  the  expected 
number  of  work  orders  being  completed  In  that  range  of  days  from  the 
simulation. 

SENSITIVITY  OF  THE  MODEL 

As  described  In  Chapter  2,  the  sensitivity  of  the  model  to 
changes  In  the  variables  needs  to  be  tested  prior  to  use  of  the  model 
as  a  prediction  tool.  Such  sensitivity  testing  would  Involve  first 
running  the  model  n  tines  to  determine  the  variability  between  average 
completion  times.  Individual  variables  would  then  be  altered  by  a 
controlled  amount,  and  the  results  of  simulation  with  the  altered 
variable  recorded.  Statistical  tests  would  then  be  run  to  determine 
whether  the  results  were  statistically  significantly  different  from  the 
results  prior  to  alteration. 

It  is  expected  by  the  researchers  that  the  sensitivity  of  the 

model  will  be  directly  linearly  related  to  most  of  the  processing  time. 

Queued  processes,  however,  are  expected  to  display  an  exponential  rela- 

f  > 

tlonship  as  the  service  times  approach  a  level  which  would  saturate  the 
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servers.  The  sane  relationship  would  be  produced  if  the  number  of 
servers  at  queued  processes  were  reduced  to  a  level  below  the  average 
server  utilisation  rate. 

THE  MODEL  AS  A  PREDICTION  TOOL 

Vhen  the  aodel  has  been  internally  and  externally  validated, 
the  use  of  the  aodel  as  a  prediction  tool  should  be  evaluated.  Pre¬ 
diction  intervals  can  be  established  directly  fro*  the  simulation 
results  as  shown  below  using  Figure  19  as  an  example. 

The  confidence  level  required  of  the  prediction  must  first  be 
established,  along  with  the  portion  of  the  interval  in  which  error  would 
be  accepted.  For  exaaple,  using  Figure  19,  prediction  intervals  of 
approximately  3CJS  confidence  could  variously  be  established  as,  "within 
220  workdays,"  "between  uO  and  300  workdays,"  and  "not  earlier  than 
about  60  workdays." 

The  usefulness  of  such  predictions  should  be  evaluated  by 
personnel  working  with  the  systea.  They  should  be  evaluated  on  the 
basis  of  the  usefulness  of  such  predictions  based  upon  the  associated 
confidence  level. 

THE  MODEL  AS  A  CHANCE  EVALUATION  DEVICE 

The  utility  of  the  aodel  for  predicting  changes  to  the  average 
processing  tines  based  upon  changes  to  the  systea  or  to  decision  rules 
used  in  the  systea  needs  to  be  evaluated. 

The  effects  of  modeled  changes  will  be  shown  in  the  simulation 
as  node  statistics  for  the  work  complete  node,  which  shows  the  average 


and  standard  deviation  of  total  times  In  the  system  for  work  orders. 

The  difference  between  statistics  between  simulations  before  modeling 
change  and  after  modeling  change  will  represent  the  predicted  change 
to  the  processing  times  based  upon  the  change  modeled. 

The  accuracy  of  such  predictions  falls  Into  the  arena  of 
external  validity  of  the  model,  and  may  never  be  totally  answerable. 

The  accuracy  of  the  prediction  will,  of  course,  be  dependent  'upon  how 
accurately  the  proposed  change  can  be  modeled.  For  example,  a  reduction 
In  the  number  of  planners  from  6  to  4  could  be  modeled  very  accurately* 
but  processing  times  for  new  processes  may  have  to  be  modeled  based 
upon  estimates  which  may  prove  to  be  Inaccurate  In  themselves. 

The  utility  of  the  model  for  evaluating  changes  to  the  system 
will  be  dependent  upon  the  degree  to  which  field  testing  Is  replaced 
simulation,  or  the  degree  to  which  productive  changes  which  would 
not  have  been  field  tested  or  Implemented  can  be  evaluated. 

With  construction  of  the  model  completed,  arc!  with  this  dis¬ 
cussion  of  further  research  which  la  required,  this  research  Is 
completed.  The  conclusions  which  are  drawn  from  this  research  and 
recommendations  made  by  the  researchers  are  in  Chapter  5. 
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Chapter  5 


CONCLUSIONS  AND  RECOMMENDATIONS 

CONCLUSIONS 

It  was  concluded  that  the  work  request/work  order  processing 
system  can  be  described  using  the  systems  approach.  The  three  primary 
subsystems  are :  (l)  work  request  approval  subsystem,  (2)  work  order 

planning  and  materials  acquisition  subsystem,  and  (3)  work  accomplish¬ 
ment  subsystem.  The  primary  input  variables  to  the  system  are  number 
of  requests,  processing  tines  and  accomplishment  time.  When  these 
variables  are  processed  through  the  system,  the  output  la  completed 
work. 

Even  though  the  model  was  not  successfully  operationalized  and 
validated,  the  researchers  feel  that  the  3CE  work  request/work  order 
processing  system  can  be  simulated.  It  is  basically  a  queueing  system, 
and  such  systems  lend  themselves  to  simulation.  It  was  further  con¬ 
cluded  that  Q-GERT  could  be  used  to  model  and  simulate  the  BCE  work 
request/work  order  processing  system. 

A  valid  operational  model  of  the  work  request/work  order  process 
could  be  used  as  an  aid  to  estimation  of  the  time  to  completion  as  well 
as  a  means  to  evaluate  changes  in  the  system.  As  an  evaluator  of  changes 
in  the  system,  the  model  would  be  most  useful  at  the  Civil  Engineering 
and  Services  Center. 
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RECOMMENDATIONS 


It  la  recommended  that  the  limits  of  the  Q-GERT  program  be 
extended  and  the  model  be  run,  validated,  and  evaluated  as  described 
In  Chapter  4, 

It  la  recommended  that  additional  study  be  conducted  to  expand 
the  model  vertically  to  Include  areas  which  were  excluded  In  this 
research  effort,  such  as  the  in-service  job  order  area  and  the  self- 
help  and  contract  work  request  processing  areas.  Inclusion  of  such 
areas  Into  the  modeled  portion  of  the  system  will  Increase  the  utility 
of  the  model  by  providing  meaningful  statistics  on  server  utilization. 

It  is  recommended  that  future  data  collection  gather  more  infor¬ 
mation  on  actual  processing  time  for  each  service  activity,  rather  than 
the  total  time  which  the  transaction  spent  in  travel,  waiting,  and 
service.  Such  data  is  more  appropriate  to  the  Q-GERT  modeling  technique. 

I 

It  is  recommended  that  future  research  be  conducted  to  collect 
data  from  a  representative  sample  of  Air  Force  bases  so  that  the 
resulting  model  can  be  generalized  to  be  applicable  Air  Force-wide. 

It  is  recommended  that  the  resultant  representative  model  be 
made  available  to  the  Air  Force  Civil  Engineering  and  Services  Center 
for  use  as  a  tool  for  making  work  completion  time  estimates  for  bases 
on  an  as-requested  basis,  and  for  use  as  a  tool  for  evaluating  proposed 
changes  to  the  system. 


BCE  REAL  PROPERTY  MAINTENANCE  REQUEST 


APPENDIX  B 

WCRX  REQUEST  SAMPLE  DATA 
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WORK 

DAT 

TO- 

NR 

FRM 

TO- 

FRM 

TO- 

FRM 

TO- 

FRM 

TO- 

TO- 

D 

RQST. 

REC 

PLN 

HR 

PLN 

ENC 

ENC 

PCC 

PCC 

R6R 

R&R 

CSU 

SCH 

I 

NUMBR 

S 

2  1015 

014 

014 

015 

01  5 

1 

2  1025 

018 

018 

024 

2 

21035 

037 

039 

040 

040 

056 

056 

3 

21045 

048 

048 

048 

2 

2  1055 

063 

067 

02 

067 

069 

082 

068 

068 

068 

069 

082 

1 

2  1065 

075 

075 

075 

2 

21075 

088 

088 

4 

21085 

105 

105 

105 

2 

2  1095 

129 

129 

5 

22008 

166 

166 

166 

2 

22018 

189 

191 

02 

194 

228 

3 

22028 

2  1  3 

213 

02 

213 

214 

228 

2 

22038 

235 

235 

235 

2 

22048 

246 

246 

6 

22058 

261 

261 

02 

26  1 

266 

266 

2 

22068 

285 

285 

285 

2 

22078 

328 

328 

328 

2 

22088 

341 

341 

341 

2 

22098 

352 

352 

352 

2 

22  108 

369 

370 

371 

369 

369 

369 

370 

371 

3 

22118 

390 

390 

390 

2 

22128 

391 

391 

410 

391 

39  l 

410 

3 

23005 

417 

230  15 

427 

427 

506  14 

040 

040 

040 

2 

50624 

057 

057 

S 

50644 

078 

< 

078 

5 

51001 

172 

172 

5 

51011 

224 

224 

266 

266 

3 

51021 

384 

384 

5 

61010 

006 

006 

006 

006 

6 

61020 

045 

045 

045 

2 

62007 

206 

2  15 

216 

216 

6 

62017 

316 

316 

S 

62027 

389 

389 

389 

2 

72098 

002 

002 

5 

72108 

005 

005 

5 

72  118 

009 

009 

6 

72128 

016 

016 

5 

72138 

023 

026 

04 

029 

032 

032 

2 

72148 

026 

027 

028 

028 

1  19 

1  19 

3 

72158 

035 

035 

5 

72168 

037 

037 

6 

72178 

041 

041 

04 

041 

041 

041 

2 

72188 

048 

049 

02 

052 

053 

1 

72  198 

053 

053 

3 

103 


72208 

056 

057 

02 

057 

058 

058 

058 

5 

72218 

060 

060 

060 

2 

72228 

061 

061 

065 

061 

061 

061 

061 

065 

3 

72238 

066 

066 

068 

068 

107 

068 

068 

068 

068 

107 

3 

72248 

074 

075 

079 

074 

075 

079 

1 

72258 

076 

076 

5 

72268 

079 

080 

080 

081 

082 

2 

72278 

086 

087 

01 

087 

087 

088 

2 

72288 

098 

098 

01 

098 

098 

1 

72298 

106 

106 

5 

72308 

1  1 1 

1  1  1 

5 

7  23  18 

1  16 

117 

1  18 

1  19 

120 

2 

72328 

123 

124 

01 

124 

163 

6 

72  338 

128 

129 

02 

165 

166 

5 

72348 

1  34 

135 

04 

155 

156 

S 

72  358 

146 

146 

5 

73000 

154 

154 

5 

73010 

162 

162 

5 

73020 

164 

164 

16 

173 

3 

7  3030 

176 

176 

176 

2 

73040 

184 

184 

5 

7  3050 

193 

193 

5 

7  3060 

197 

197 

3 

73070 

208 

208 

208 

2 

73080 

218 

218 

5 

73090 

226 

227 

02 

228 

229 

229 

6 

73100 

233 

233 

08 

233 

235 

235 

2 

73110 

240 

243 

03 

246 

1 

73120 

246 

246 

04 

246 

251 

251 

251 

252 

252 

5 

73130 

254 

254 

5 

73140 

261 

261 

261 

26  1 

264 

263 

263 

2 

73150 

266 

266 

5 

73160 

272 

273 

01 

273 

275 

275 

4 

73170 

279 

279 

01 

279 

364 

364 

2 

73180 

282 

282 

3 

73190 

290 

29  1 

04 

29-7 

303 

303 

2 

7  3200 

300 

304 

06 

106 

326 

489 

309 

309 

309 

326 

309 

326 

1 

7  32  10 

307 

308 

04 

308 

311 

1 

7  3220 

327 

327 

02 

327 

334 

339 

333 

333 

333 

334 

339 

6 

7  3230 

337 

337 

5 

7  3240 

352 

349 

16 

357 

358 

4 

73250 

356 

356 

08 

358 

358 

358 

358 

359 

359 

359 

2 

7  3260 

364 

36  5 

03 

369 

374 

3 

7  3270 

370 

370 

374 

374 

4 

7  3280 

375 

377 

02 

377 

377 

4 

7  3290 

381 

381 

5 

73300 

393 

393 

394 

39  5 

402 

394 

394 

394 

395 

417 

417 

2 

7  3310 

396 

397 

04 

399 

400 

400 

400 

400 

400 

400 

2 

73320 

402 

403 

03 

403 

4  12 

412 

412 

4  36 

441 

441 

2 

74002 

404 

404 

02 

411 

4  14 

104 


7401  2 

409 

409 

74022 

414 

415 

04 

416 

417  418 

418 

74032 

420 

420 

03 

424 

476 

79000 

429 

429 

02 

429 

450 

7  90  1  3 

432 

79023 

4  36 

79033 

437 

79043 

443 

443 

443 

79053 

447 

79063 

453 

464 

08 

468 

79073 

457 

457 

06 

473 

476 

79083 

468 

468 

04 

473 

475 

79093 

475 

79103 

476 

79113 

484 

79123 

487 

487 

79133 

493 

49  3 

79143 

503 

504 

01 

505 

) 
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W  -  Weekend 


H  -  Holiday 


Max  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Jain  Feb 


nf| 


DAI 

16 

012 

U 

055 

077 

W 

119 

141 

W 

182 

203 

2 22 

245 

16 

17 

013 

V 

056 

078 

W 

120 

V 

161 

183 

V 

223 

246 

17 

13 

014 

035 

057 

V 

098 

121 

V 

162 

184 

V 

224 

V 

16 

19 

V 

036 

058 

V 

099 

122 

142 

163 

W 

204 

225 

V 

19 

20 

V 

037 

059 

079 

100 

W 

143 

164 

W 

205 

226 

H 

20 

21 

015 

038 

V 

080 

101 

V 

144 

165 

185 

206 

V 

247 

21 

22 

016 

039 

V 

081 

102 

123 

145 

w 

186 

207 

V 

248 

22 

23 

017 

w 

060 

082 

V 

124 

146 

V 

187 

208 

227 

249 

23 

24 

018 

V 

061 

083 

V 

125 

W 

H 

H 

V 

228 

250 

24 

25 

019 

040 

062 

V 

103 

126 

V 

166 

188 

V 

229 

W 

25 

26 

V 

041 

063 

¥ 

104 

127 

147 

167 

M 

H 

230 

V 

26 

27 

u 

042 

064 

084 

105 

u 

148 

168 

M 

209 

231 

251 

27 

28 

020 

043 

V 

O85 

106 

V 

149 

169 

189 

210 

V 

252 

28 

29 

021 

044 

V 

086 

107 

128 

150 

W 

190 

211 

V 

29 

3°  | 

022 

V 

H 

087 

W 

129 

151 

w 

191 

212 

232 

30 

31 

023 

065 

V 

130 

170 

W 

233 

31 

1978 


Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  I  Nov  Dec  Jan  Feb 


IAY 

DAY 

Ol" 

253 

V 

296 

318 

W 

360 

383 

V 

424 

444 

H 

486 

01 

02 

25<* 

V 

297 

319 

V 

361 

V 

403 

425 

W 

464 

487 

02 

03 

255 

276 

298 

u 

340 

362 

V 

404 

426 

V 

<*65 

V 

03 

04 

u 

277 

299 

V 

H 

363 

H 

405 

V 

445 

466 

V 

04 

05 

V 

278 

300 

320 

3*1 

V 

384 

406 

V 

446 

467 

468 

05 

06 

256 

279 

V 

321 

342 

w 

385 

407 

427 

447 

V 

489 

06 

07 

257 

280 

V 

3 22 

>3 

364 

386 

V 

428 

448 

V 

490 

07 

08 

258 

W 

301 

323 

V 

365 

387 

V 

429 

449 

468 

491 

08 

09 

259 

w 

302 

324 

V 

366 

w 

H 

430 

V 

469 

492 

09 

10 

260 

281 

303 

V 

344 

367 

V 

408 

H 

V 

470 

V 

10 

U 

V 

282 

304 

V 

>  5 

368 

388 

409 

V 

450 

471 

V 

11 

12 

V 

283 

305 

325 

346 

M 

389 

410 

V 

<*51 

472 

<*93 

12 

13 

261 

284 

V 

326 

y*  7 

V 

390 

411 

431 

<*52 

V 

494 

13 

14 

262 

285 

V 

327 

348 

369 

391 

W 

432 

<*53 

V 

<*95 

14 

15 

263 

V 

306 

328 

W 

370 

392 

V 

<03 

454 

473 

<*96 

15 

L09 


Max 

Apr 

fUy 

Jun 

Jul 

Aug 

Sap 

Oct 

Nov 

Dec 

Jan 

264 

V 

307 

329 

W 

371 

V 

412 

4>4 

V 

474 

265 

286 

308 

W 

349 

372 

V 

413 

435 

V 

475 

V 

287 

309 

V 

350 

373 

393 

414 

V 

455 

476 

V 

288 

510 

330 

351 

w 

394 

415 

V 

456 

477 

266 

289 

V 

331 

352 

V 

395 

416 

436 

457 

V 

267 

290 

V 

332 

353 

374 

396 

V 

437 

458 

V 

268 

V 

311 

333 

w 

375 

397 

V 

438 

459 

478 

269 

V 

312 

334 

V 

376 

W 

417 

H 

V 

479 

270 

291 

313 

V 

354 

377 

V 

418 

439 

V 

480 

V 

292 

314 

V 

355 

378 

398 

419 

V 

H 

481 

V 

293 

315 

335 

356 

V 

399 

420 

V 

460 

4 82 

271 

294 

V 

336 

357 

V 

400 

421 

440 

461 

V 

272 

295 

V 

337 

358 

379 

401 

V 

441 

462 

V 

273 

w 

H 

338 

V 

380 

402 

V 

442 

463 

483 

274 

V 

316 

339 

V 

381 

V 

4  22 

443 

V 

484 

275 

317 

359 

382 

423 

V 

485 

DAY 


4?4  497  16 

1*75  *  17 

476  V  18 

477  H  19 

U  496  20 

V  499  21 

478  500  22 

479  501  23 

480  W  24 

481  W  25 

482  502  26 

M  503  27 

«  504  28 
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WORK 

W 

# 

EST. 

EST 

TO- 

TO- 

TO- 

FM- 

TO- 

PL 

IN- 

IN- 

IN- 

ST- 

ORDER 

C 

S 

M.H. 

MATL. 

PLN 

DEE 

OTH 

APP 

PLN 

MH 

MCI 

MC2 

MC  3 

ART 

DAT 

s 

P 

ACT. 

ACT 

FM- 

FM- 

FM- 

TO- 

FM- 

DAT 

OUT 

OUT 

OUT 

CO- 

REC 

I 

R 

M.H. 

MATL  . 

PLN 

DEE 

OTH 

SCH 

PLN 

ATH 

MCI 

MC2 

MC  3 

MPL 

2  1022 

2 

2 

151 

1533 

017 

018 

08 

030 

247 

017 

3 

151 

1205 

017 

021 

028 

161 

255 

21023 

2 

2 

285 

1135 

017 

017 

04 

029 

180 

017 

3 

263 

1290 

017 

019 

026 

120 

252 

21024 

l 

2 

450 

6500 

008 

079 

018 

3 

39  8 

6800 

018 

065 

1 18 

2  1025 

1 

2 

340 

0 

141 

018 

433 

0 

018 

023 

023 

436 

2  1029 

1 

6 

196 

1210 

033 

117 

286 

021 

3 

216 

1235 

021 

032 

113 

254 

299 

21030 

3 

6 

136 

0 

021 

418 

021 

3 

89 

0 

021 

026 

028 

428 

2  1038 

3 

1 

68 

1879 

034 

040 

162 

1 18 

039 

1 

2 

44 

2424 

039 

040 

103 

245 

403 

2  1039 

1 

2 

280 

18497 

137 

0  39 

3 

199 

16128 

039 

041 

143 

21040 

1 

2 

151 

6515 

131 

3 

1  14 

4891 

039 

124 

139 

2  1044 

1 

2 

132 

960 

045 

047 

03 

498 

045 

3 

241 

1350 

045 

048 

051 

455 

521 

2  1046 

1 

2 

483 

3341 

049 

050 

06 

124 

418 

440 

049 

3 

590 

4499 

049 

051 

053 

162 

485 

5  1  1 

2  1047 

2 

2 

195 

2802 

060 

049 

074 

388 

049 

2 

312 

2508 

066 

060 

067 

071 

074 

314 

408 

21054 

1 

4 

37 

256 

062 

098 

196 

3 

50 

172 

.. 

062 

096 

129 

199 

21059 

1 

2 

17 

17 

063 

065 

143 

061 

3 

19 

1  7 

064 

071 

074 

129 

145 

2  1063 

1 

3 

322 

1132 

036 

072 

079 

070 

1 

3 

183 

552 

071 

074 

096 

115 

112 


I 


21065 

2 

4 

1191 

6427 

075 

108 

144 

075 

1 

3 

764 

3434 

085 

108 

166 

323 

21068 

1 

3 

24 

31 

076 

080 

02 

124 

222 

077 

4 

16 

28 

076 

084 

120 

157 

223 

2  1073 

2 

2 

62 

105 

081 

090 

08 

124 

192 

081 

2 

58 

147 

088 

098 

1 19 

182 

197 

2  1074 

2 

1 

34 

689 

082 

153 

511 

082 

3 

53 

1407 

082 

1  52 

494 

522 

21078 

1 

1 

120 

1723 

097 

09  9 

04 

176 

422 

097 

2 

59 

2  156 

097 

099 

1  74 

313 

427 

21081 

3 

1 

16 

398 

103 

104 

08 

153 

369 

103 

3 

44 

392 

103 

109 

152 

338 

394 

21083 

1 

160 

1057 

104 

08 

152 

359 

103 

3 

115 

1634 

103 

115 

145 

315 

385 

2  1085 

2 

5 

135 

872 

105 

108 

08 

124 

204 

105 

2 

146 

688 

105 

114 

120 

173 

212 

21086 

1 

4 

228 

l  169 

109 

109 

109 

109 

1 

3 

287 

91  1 

109 

133 

1  20 

175 

2  1088 

2 

2 

128 

2058 

112 

114 

08 

145 

256 

112 

3 

86 

852 

112 

1  16 

145 

245 

261 

2  1091 

1 

2 

324 

719 

1  18 

1  20 

08 

176 

311 

1  18 

3 

248 

651 

1  18 

123 

174 

267 

327 

2  1093 

1 

2 

198 

30 

120 

123 

126 

08 

153 

281 

120 

2 

3 

138 

52 

122 

123 

130 

152 

229 

301 

21098 

1 

1 

35 

1  36 

1  34 

161 

1  34 

3 

29 

107 

1  34 

140 

158 

196 

21100 

2 

2 

100 

1005 

143 

171 

24 

217 

356 

143 

2 

60 

796 

1  70 

181 

211 

357 

385 

22001 

3 

7 

255 

17  77 

159 

160 

24 

217 

432 

159 

3 

450 

2  165 

159 

181 

211 

419 

453 

22002 

1 

2 

73 

0 

162 

163 

4 

314 

162 

3 

35 

0 

162 

163 

164 

316 

22003 

1 

6 

l  72 

1577 

167 

201 

276 

166 

3 

250 

130  7 

166 

175 

198 

316 

316 

22004 

1 

7 

2  16 

2  195 

167 

201 

276 

166 

3 

218 

3028 

166 

175 

198 

316 

303 

113 


276 

316 


22005 

1 

7 

235 

l  173 

167 

276 

166 

3 

198 

970 

166 

175 

198 

316 

316 

22006 

1 

5 

96 

834 

167 

277 

166 

3 

196 

563 

166 

175 

198 

316 

323 

22007 

l 

4 

135 

612 

163 

167 

1  76 

316 

166 

3 

306 

593 

166 

174 

273 

332 

22010 

2 

3 

228 

1114 

1  72 

174 

12 

185 

429 

172 

3 

171 

1307 

172 

177 

184 

420 

443 

2201  1 

1 

2 

24 

120 

180 

12 

185 

257 

176 

2 

50 

159 

1  76 

16  1 

184 

241 

261 

22015 

1 

2 

72 

818 

185 

186 

04 

320 

185 

2 

114 

371 

185 

186 

317 

329 

331 

22016 

2 

2 

96 

261 

185 

186 

06 

201 

464 

185 

3 

67 

561 

185 

186 

204 

415 

470 

22017 

1 

2 

81 

17 

189 

189 

8 

193 

301 

189 

3 

97 

10 

189 

189 

192 

259 

312 

22020 

1 

1 

16 

137 

194 

195 

2 

217 

291 

194 

3 

3 

4 

91 

194 

195 

211 

264 

299 

2202  1 

1 

1 

56 

784 

194 

195 

2 

2  17 

291 

194 

3 

3 

30 

564 

194 

195 

211 

263 

299 

22025 

2 

1 

1  3 

250 

206 

208 

335 

533 

206 

2 

4 

388 

206 

333 

334 

493 

535 

22029 

2 

3 

215 

8  1 

212 

217 

40 

247 

327 

215 

1 

170 

30 

2  15 

244 

246 

282 

385 

22030 

1 

3 

192 

135 

2  19 

221 

253 

276 

220 

1 

3 

93 

160 

220 

222 

228 

271 

29  1 

22038 

1 

5 

213 

780 

238 

256 

235 

1 

2 

217 

1065 

235 

237 

253 

264 

22040 

1 

1 

255 

2  2434 

241 

04 

247 

272 

354 

374 

2  38 

3 

250 

31429 

238 

244 

246 

247 

343 

368 

469 

22041 

2 

3 

100 

5009 

240 

16 

263 

312 

2  39 

3 

166 

4161 

239 

258 

262 

269 

330 

22043 

1 

1 

135 

3780 

241 

04 

247 

272 

379 

239 

3 

58 

3654 

239 

244 

246 

288 

335 

468 

22045 

1 

5 

168 

200 

242 

249 

252 

242 

3 

3 

212 

4  18 

242 

111. 

248 

255 

260 

114 


22049 

1 

1 

372 

462 

246 

249 

08 

256 

278 

246 

4 

3 

552 

1016 

246 

254 

288 

293 

22050 

1 

2 

260 

l  327 

247 

249 

282 

335 

246 

4 

3 

168 

1335 

247 

277 

279 

315 

349 

22051 

1 

1 

96 

82 

246 

249 

08 

249 

254 

246 

4 

3 

169 

90 

246 

255 

249 

258 

262 

22052 

2 

1 

45 

1888 

389 

250 

08 

330 

489 

248 

2 

2 

48 

1545  388 

248 

258 

329 

466 

491 

22053 

1 

1 

45 

1760 

249 

250 

08 

286 

424 

248 

2 

2 

54 

2134 

248 

250 

263 

414 

430 

22054 

l 

2 

60 

590 

254 

255 

08 

282 

320 

254 

3 

41 

551 

254 

269 

355 

320 

408 

22060 

1 

3 

36 

l  74 

260 

262 

06 

330 

427 

262 

3 

3 

58 

184 

262 

262 

329 

368 

430 

22062 

1 

1 

24 

217 

2  70 

271 

08 

301 

303 

270 

3 

2 

31 

294 

270 

300 

301 

305 

317 

22065 

1 

1 

40 

555 

275 

282 

359 

275 

2 

40 

582 

275 

277 

349 

369 

22068 

3 

3 

4  7 

140 

285 

286 

06 

301 

308 

369 

285 

2 

42 

160 

285 

296 

301 

302 

360 

385 

22069 

1 

2 

191 

780 

287 

291 

16 

356 

422 

285 

3 

202 

750 

287 

339 

355 

411 

430 

22072 

l 

l 

50 

144 

297 

300 

08 

367 

424 

299 

2 

44 

213 

299 

360 

365 

411 

457 

2  207  7 

1 

2 

92 

1715 

325 

325 

16 

356 

468 

325 

2 

2 

76 

1793 

325 

323 

355 

452 

492 

22079 

1 

2 

49 

198 

330 

331 

08 

356 

444 

331 

3 

44 

142 

331 

336 

355 

390 

457 

22080 

1 

1 

306 

643 

292 

332 

04 

356 

440 

331 

3 

217 

285 

331 

336 

355 

390 

455 

22081 

1 

4 

442 

504 

382 

332 

12 

341 

408 

331 

3 

239 

514 

331 

336 

338 

388 

4  30 

22084 

1 

3 

112 

224 

331 

334 

08 

341 

388 

331 

4 

2 

97 

206 

331 

336 

338 

385 

534 

22085 

2 

2 

72 

1799 

401 

04 

429 

528 

333 

3 

91 

1705 

...  ^06 

402 

427 

471 

534 

115 


22087 

2 

3 

179 

1571 

337 

339 

12 

356 

483 

338 

3 

204 

1301 

339 

339 

355 

466 

534 

22091 

1 

1 

too 

92 

345 

483 

345 

3 

85 

92 

345 

353 

28  1 

491 

22097 

2 

4 

104 

21 

351 

354 

04 

379 

352 

2 

174 

0 

352 

358 

36  1 

382 

22098 

2 

3 

825 

4686 

352 

353 

16 

358 

358 

352 

1 

1  106 

4630 

352 

356 

357 

398 

400 

22099 

1 

4 

27 

16 

353 

353 

08 

364 

374 

353 

2 

18 

10 

353 

355 

361 

381 

382 

22100 

1 

1 

45 

1899 

356 

356 

08 

367 

468 

356 

2 

2 

40 

1896 

356 

360 

365 

460 

472 

22101 

2 

1 

32 

923 

358 

359 

04 

392 

452 

358 

2 

64 

877 

358 

360 

389 

440 

456 

22102 

1 

2 

162 

42 

356 

358 

02 

392 

466 

360 

2 

95 

41 

360 

360 

38  9 

416 

472 

22  103 

2 

2 

47 

447 

362 

363 

08 

370 

5  15 

362 

2 

42 

516 

362 

365 

369 

484 

518 

22105 

2 

6 

640 

5179 

366 

06 

376 

519 

364 

2 

617 

3665 

364 

370 

374 

480 

527 

22131 

1 

3 

49 

56 

386 

399 

04 

422 

391 

2 

61 

0 

391 

400 

404 

426 

23001 

2 

1 

36 

494 

404 

405 

08 

440 

537 

404 

2 

32 

464 

404 

409 

434 

479 

540 

50620 

1 

1 

80 

894 

140 

045 

3 

234 

1157 

045 

065 

151 

50641 

2 

3 

158 

240 

075 

1 

3 

79 

380 

075 

084 

108 

1  44 

326 

50642 

2 

3 

384 

240 

075 

l 

3 

157 

800 

075 

084 

108 

144 

260 

50643 

2 

3 

179 

240 

075 

1 

3 

195 

981 

075 

084 

108 

144 

249 

50662 

3 

3 

259 

340 

106 

107 

08 

108 

106 

1 

3 

279 

385 

106 

107 

107 

157 

151 

50692 

3 

3 

151 

2493 

206 

192 

2725 

116  075 

085 

108 

144 

276 

t,  / 


5  1003 

2 

1 

92 

179 

181 

1  79 

2 

1  16 

1  79 

1  79 

267 

251 

51004 

2 

1 

16 

178 

185 

183 

2 

2 

185 

186 

185 

51007 

2 

3 

131 

48 

212 

217 

36 

247 

332 

215 

1 

93 

379 

215 

222 

223 

292 

382 

51008 

2 

3 

180 

79 

2  12 

217 

48 

247 

330 

215 

1 

1  30 

117 

2  15 

244 

246 

282 

392 

5  1014 

2 

1 

90 

4981 

255 

02 

330 

494 

245 

3 

68 

4217 

245 

258 

329 

368 

497 

5  1020 

2 

3 

20  1 

1048 

369 

374 

08 

429 

447 

373 

2 

99 

408 

373 

374 

427 

447 

455 

52000 

3 

5 

337 

621 

410 

4  17 

417 

08 

426 

437 

410 

1 

4 

491 

461 

412 

417 

4  18 

422 

460 

484 

61014 

2 

41 

27  1 

017 

018 

020 

04 

147 

016 

3 

30 

358 

018 

018 

024 

030 

108 

149 

61015 

1 

40 

0 

001 

098 

018 

3 

279 

0 

018 

030 

108 

123 

61018 

2 

92 

125 

024 

026 

08 

077 

024 

3 

28 

85 

024 

027 

028 

082 

61019 

4 

48 

1825 

042 

047 

16 

076 

045 

3 

68 

735 

045 

048 

051 

066 

145 

61020 

2 

60 

18  1 

045 

08 

059 

214 

045 

3 

46 

242 

045 

058 

1  10 

222 

6  1023 

3 

53 

396 

082 

084 

08 

098 

192 

082 

3 

69 

488 

082 

089 

096 

073 

194 

61025 

2 

23 

20 

102 

109 

110 

124 

192 

102 

3 

3 

34 

1 1 

105 

109 

120 

185 

194 

61026 

5 

342 

468 

1 1  1 

123 

126 

24 

135 

1  1  1 

3 

130 

125 

112 

123 

133 

134 

1  71 

62000 

1 

52 

0 

167 

167 

02 

170 

167 

3 

19 

0 

167 

168 

175 

62001 

4 

132 

739 

193 

194 

213 

266 

193 

5 

73 

890 

193 

196 

197 

264 

302 

62002 

4 

66 

1002 

191 

195 

16 

236 

384 

195 

3 

86 

807 

117  195 

218 

228 

384 

403 

62008 

4 

51 

4  10 

206 

208 

16 

236 

388 

206 

99 

944 

206 

214 

228 

352 

403 

6201  1 

5 

433 

552 

251 

252 

16 

273 

276 

251 

1 

330 

492 

251 

269 

272 

341 

349 

6  2014 

5 

159 

47 

270 

271 

08 

282 

308 

270 

3 

153 

244 

270 

272 

276 

288 

327 

62015 

2 

102 

386 

326 

335 

431 

281 

2 

97 

447 

281 

333 

417 

435 

62016 

1 

56 

1093 

288 

316 

432 

311 

3 

2 

2  1 

25 

311 

311 

426 

436 

62021 

1 

4 

104 

436 

333 

335 

08 

341 

418 

333 

6 

3 

85 

409 

333 

336 

338 

4  1  1 

436 

62025 

1 

24 

251  368 

365 

366 

08 

376 

405 

36  5 

2 

38 

224  370 

365 

371 

374 

388 

407 

62026 

4 

129 

273 

381 

417 

475 

475 

381 

2 

92 

261 

381 

415 

469 

480 

480 

62027 

2 

94 

0 

389 

391 

08 

391 

2 

154 

0 

389 

398 

398 

403 

62028 

2 

56 

710 

392 

393 

08 

416 

445 

392 

3 

2 

38 

56 

392 

398 

415 

431 

479 

62030 

1 

22 

7  5  398 

394 

396 

08 

416 

490 

395 

3 

2 

16 

116  399 

395 

396 

415 

448 

491 

62031 

3 

126 

218  399 

394 

397 

16 

408 

409 

395 

1 

4 

231 

399  400 

395 

399 

412 

431 

435 

62033 

1 

120 

210 

398 

398 

08 

416 

473 

398 

3 

52 

230 

402 

401 

415 

466 

476 

72101 

3 

l 

8 

0 

003 

007 

003 

1 

4 

47 

0 

003 

003 

010 

72109 

3 

4 

284 

1937 

005 

012 

24 

023 

269 

005 

6 

2 

210 

1666 

005 

017 

015 

180 

290 

72110 

3 

5 

107 

2095  037 

036 

057 

232 

006 

2 

1 10 

1863  047 

047 

053 

180 

269 

72113 

3 

3 

89 

339  008 

014 

030 

08 

108 

008 

4 

65 

264  010 

032 

036 

041 

093 

1 18 

72116 

3 

3 

51 

132 

009 

094 

009 

2 

35 

1  10 

-  009 

020 

085 

108 

72127 

3 

1 

56 

912 

015 

019 

026 

16 

146 

167 

015 

1 

2 

49 

1039 

017 

0  19 

145 

146 

194 

229 

72129 

3 

2 

28 

17 

0  16 

029 

181 

016 

2 

6 

1 

016 

026 

102 

185 

72  1  38 

3 

2 

56 

36 

023 

032 

033 

08 

160 

023 

2 

43 

280 

029 

032 

036 

041 

133 

161 

7  2149 

3 

3 

173 

470 

028 

036 

038 

16 

069 

276 

028 

2 

173 

591 

035 

036 

049 

065 

l  58 

291 

72150 

3 

3 

108 

256 

029 

034 

035 

045 

420 

465 

029 

7 

2 

70 

626 

033 

034 

180 

438 

494 

72  155 

3 

1 

105 

2  370 

033 

033 

16 

040 

170 

033 

1 

2 

91 

1600 

033 

036 

040 

1  34 

184 

72  15  7 

3 

2 

35 

356 

035 

034 

167 

035 

4 

40 

258 

037 

038 

044 

120 

1  70 

72173 

3 

3 

52 

2  12 

039 

041 

042 

053 

27  1 

389 

039 

2 

89 

211 

041 

041 

042 

051 

137 

285 

402 

72174 

3 

3 

64 

20 

040 

041 

042 

053 

2  18 

039 

2 

2 

33 

15 

040 

041 

051 

1  10 

233 

72175 

3 

7 

321 

846 

040 

040 

100 

27  l 

426 

08 

461 

525 

527 

040 

2 

484 

853 

040 

100 

102 

271 

450 

456 

519 

532 

540 

72177 

2 

l 

18 

76 

040 

045 

053 

196 

328 

040 

2 

2 

4 

48 

045 

045 

051 

169 

300 

331 

72178 

3 

2 

40 

0 

041 

04  1 

042 

321 

041 

5 

2 

16 

0 

041 

041 

043 

108 

328 

7218  1 

3 

5 
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TnT: 


i 
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G EN.ARN - FOG LE.W.R.-W.O. MOD.  8,2  7  ,  19  79.8  ,  ,  , 
SOU, 1 ,0, l ,D,N* 

QUE, 2/CSU  COOR , 0 , ,  D ,  F* 

REG.3,1,1 ,F* 

STA, 4 /UNACCEPT, 1,1,0,1,0.05,0.05* 

QUE. 5 /PLAN  EST.O, ,D,F,, 0.25, 0.25, 34* 

REG ,60. 1 ,  1  ,0* 

FEE, 61,0,4,1,34* 

REG, 6, 1 , 1 ,0* 

REG , 7 ,1 , 1 ,0* 

STA, 8 /CANCEL  ED, 1,1,D,I,1.,1.* 

QUE.9/PCC  APPR.O, ,D,F* 

REG , 10. 1 , 1 , F* 

QUE.il/R4R  APPR.O, ,D,F, (10)37* 

REG, 62. 1.1.0* 

FRE.12.F.3.1.37* 

QUE, 13/BCE  SEC  ,0  ,  ,D, F, ( 10) 14* 

ALL.  14,  ,1,1.13/15* 

REG, 15, 1 ,1 .0* 

FRE , 1 6 , F , 1 , 1 , 1 4* 

QUE.17/FB  SEC.O, ,D,F, ( 10) 18* 

ALL, 18, ,2,1,17/19* 

REG,19,l,l,D* 

FRE, 20, F, 2, 1,13* 

STA,21/DISAPPR, 1 , 1 ,0,1, 1 .  ,1 .* 

QUE.22/CSU  PROC.0..D.F* 

R EG, 23, 1,1, F* 

STA, 24/JOB  ORDR, 1 , 1 ,D, I , 1 . . 1 .* 

STA, 25/CONTRACT, 1 , 1 ,D , I , 2 . , 2 . , * 

STA, 26/WORK  ORD , l , l ,D,I , 1 . , 1 . * 

STA, 2 7 /WO  INTERA.l ,1.0,8,0.25,0.25* 
QUE.28/IWP  PGMR , 0 , , D , F* 

REC.29, 1 , 1 ,F* 

QUE, 30/PLAN  PLN.O, ,D, S/3, (10)34* 
QUE.31/R4R  AUTH.O, ,D,F, (10)37* 

QUE, 32/NAT  CONT,0,,D,F* 

QUE, 33/MAT  COMP ,0, ,D,B/8* 

ALL , 34 , LWF ,4,1 ,30/35,5/60* 

REG, 35, l, 1,0* 

FRE, 36, D, 4, 1,34* 

ALL, 3 7, LWF, 3,1 ,31/38, 1 1/62* 

REG ,38,1, 1,0* 

FRE, 39,0 ,3, l ,37* 

REG, 40, 1 , 1 ,0* 

REG, 41. 1,1,0* 


QUE.42/FFM  IMP , 0 , 1 . D , F , B , ( l 0 ) 4 3* 
ALL, 43, ,5 , 1,42/44* 

FRE , 44 , D , 5 ,1,43* 

QUE.45/CUMO  IWP ,0 ,  ,D, B/8* 

QUE , 46/WEEK  SCH , 0 , l , D , F , B  .  ( 1 0 ) 4 7 * 
ALL, 47, ,6 , 1,46/48* 

FRE, 48,0,6,1 ,47* 

REG , 49, 1 , l , P* 

QUE, 5  0/ FOREMEN, 0,  ,0,8/ 8* 

R EG, 51, 1,1,0* 

STA, 5  2/WRK  COMP, l, 1,0, I,  40.  ,20.* 
ACT, 1 , l.EX.l,  1* 

ACT, l ,2, OF, 1  ,2* 

ACT, 2, 3, NO, 2, 3/C SU  PROC.l* 

ACT, 3,4, , ,4, , l , A 1 0 • GT .  1 . * 

ACT, 3,5 , EX, 3,5 , .2 ,A1 l .GT. 1 .* 

ACT, 3, 6, EX, 3,6, , 3 , A 1 2 .GT .  1  .  * 

ACT, 3,7 , EX. 3, 7, ,4 , Al 3.CT. 1 . * 

ACT, 3 ,8 , , ,8 , , 5 , A  1 4 .GT . I . * 

ACT, 60, 61 ,LO, 4, 9/FLAN  EST* 

ACT, 61, 2, LO, 14,60* 

ACT, 6, 2, LO, 5,10/ENG  EVAL.6* 
ACT,7.2.LO,6,ll/OTH  EVAL , 3 * 

ACT, 3, 9, CO, 0. 1 ,12,  ,6* 

ACT, 9, 10, LO, 7 , 1 3/PCC  APPR.t* 

ACT, 10,ll,,,14,,l,A7.GT.0.5* 

ACT, 10,21, ,  ,1 5,  ,2,A9.LT.0.5* 

ACT, 10,22,  ,  ,16, ,3* 

ACT, 62, 12, LO, 7, 1 7/R4R  APPR.l* 

ACT, 12, 1 3, ,,l8,,t,A7.GT.1.5* 

ACT, 12,2  1 , , ,19, ,2,A9.LT.0.5* 

ACT, 12,22, ,,20, ,3* 

ACT, 15, 16, LO, 7, 21/BCE, l* 

ACT, 16. 17, , ,22, ,1 .A7.CT.2.5* 

ACT, 16,21, , ,23, ,2,A9.LT.0.5* 

ACT,  16,22, ,.24, ,3* 
ACT,19,20,LO,7,25/FB,1* 

ACT, 2  0, 21, , ,26, , 1  , A9 . L  T . 0 . 5  * 

ACT,  20, 22  ,  ,  ,27,  ,2* 
ACT,22,23,NO,2,28/CSU  CHAN.l* 

ACT,  2 3, 24,  ,  ,29, ,  1  ,A9.LT. I .5* 

ACT,  2  3, 25.  ,,30, , 2  , A9 . LT . 2 . 5 * 

ACT, 23, 26, ,,31. ,3* 

ACT, 26, 27, , ,32* 

ACT, 27, 28, OF, 2, 33* 


ACT,28,29,NO,21,34/PCMR  PRO.l* 
ACTI29,30,UN,22,35, , 1 ,A9.CT.O.* 
ACT, 2 9, 3 l, UN, 2 3, 36, .2.A12.LT.2.5* 
ACT, 29, 3 2, UN. 2 2, 37, , 3 , A6 .CT . 0 . 0* 
ACT, 29, 45, ,,38,,4,A12.GT.4.5* 

ACT,  29, 33  ,  ,  ,  39, 5* 

ACT, 35, 36, AT, 9, 40* 

ACT, 36, 28, AT, 10, 41* 

ACT, 38, 39, LO, 7, 42* 

ACT, 39, 28, UN, 23, 43* 

ACT, 32,40,NO,25,44/N-C  PROC.3* 
ACT, 40, 41  , AT, 11,45* 

ACT, 41, 28, UN, 22, 46* 

ACT,  3  3, 42, UP, 4 ,47/PGM  MO , l * 

ACT, 44, 45,  ,  ,48* 

ACT,45,46,UF ,6.49/SCH  WEEK, l* 

ACT, 48, 49, CO, 2. 0,50* 
ACT,49,49,C0,5.0,51, ,0.04* 

ACT, 49, 28, UP, 3, 52,  ,0.12* 

ACT, 4 9, 5  0, CO,  3.0,5  3,  ,0.84* 

ACT, 50, 51, UP, 8, 5  4/ WK  START, 1* 

ACT, 51, 52, AT, 14, 55* 

SOU ,89* 

ALT, 90, D, l ,-l* 

ALT, 91 ,D, l .1,14* 

ALT, 92, D, 2, -l* 

ALT, 93,0,2,1, 18* 

ALT, 94, D, 3,-1  * 

ALT, 95. D, 3, 1,37* 

ALT, 96, D, 5,-1* 

ALT, 97, D, 5, 1,43* 

ALT, 98,0, 6,-1* 

ALT. 99, D, 6, 1,47* 

ACT, 89, 90, , ,85* 

ACT, 89, 92, , ,86* 

ACT, 89, 94, , ,87* 

ACT, 89, 96, , ,88* 

ACT, 89, 98, , ,89* 

ACT, 90, 91 , UN, 1 1,90* 

ACT, 9  l  ,90, UN, 10.91* 

ACT, 92.93.TR, 12,92* 

ACT, 93, 92, CO, 0. 1 ,93* 

ACT, 94, 95, UN, 9, 94* 

ACT, 95, 94, UN, 8 ,95* 

ACT, 96, 97, UN, 1 2,96* 
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ACT,97,96,CO,0. 1 ,97* 

ACT, 98. 99, CO, 4. 95, 98* 
ACT, 99, 98, CO, 0.05, 99* 
VAS, 5  , 1  1 , CO, 0.0* 

VAS. 6 , 12, CO, 0.0* 

VAS, 7, 13, CO, 0.0* 

VAS, 36,9 , CO, -l  .0* 

VAS, 31. 12, CO, 3.0* 

VAS, 32, 1 3+,AT,6* 

VAS, 41,12+, CO, 1.0, 6, CO, 0 
VAS, 42,  l  4  ,  U  F-,  5  * 

VAS, 46, 14, UP, 7* 

RES, 1/BCE, l ,14* 

RES, 2/FAC  BD.1,18* 

RES, 3/R4R  CH, l , 37* 

RES, 4/PLANNERS, 6, 34* 

RES, 5/MO  PR OC, 1,43* 
RES.6/WK  SCHED.1,47* 

PAR, l  ,0.412,0.0,  ,0.2* 
PAR, 2, .05,0  ...  .0  l* 

PAR, 3, l .  ,0* 

PAR. 4, 0.482 ,0.0, ,0.435* 
PAR,  5, 33. 4  17, 0.0  ,  ,48.25* 
PAR, 6 ,2. ,0.0, , 1 . * 

PAR, 7, 0.01 ,0.0, ,0.1* 

PAR, 8 ,,0.01,0.1* 

PAR, 9, ,0.0,0. 5* 

PAR, 10, ,0.0,0.02* 

PAR, l 1 ,  ,0.5,  l  .  5* 

PAR, 12, ,19.0,23.0* 

PAR, 14,2.78.0.0, ,5.884.* 
PAR, 15,0.0, ,,127.55* 

PAR, 16, 0.0, .,1894. 53* 
PAR, 17,0.0, ,  ,48.8* 

PAR, 18,0.0, , ,0.8596* 

PAR, 19, 0.0, ,,14. 333* 

PAR, 20, 0.0, ,,54.83* 

PAR, 21,0.05, , .0.01* 

PAR, 22, ,0.001,0.5* 

PAR, 23, ,0.001,0.2* 

PAR, 25, 0.02,0.0, ,0.003* 
PAR, 26. 0.0, ,,31. 565* 

PAR, 27, 100. ,10. ,1000.* 
FIN* 


W.R.  INTERARRIVAL  TIME 

CSU  PROCESSING  TIME 

DELAY  TO  PLAN,  DEE  4  OTHER 

PLAN  EST  TIME 

DEE  EVAL  TIME 

OTHER  EVAL  TIME 

APPROVAL  4  AUTH  TIME 

R  4  R  AVAILABLE 

R  4  R  NON-AVAILABILITY 

BCE  AVAILABLE 

BCE  NON-AVA ILABLE 

FB  NON-AVAIL  4  MO.  PROG  FREQ 

OTHER  PLAN  EVAL  DELAY 

EST  MH  FLUC 

EST  MATL  FLUC 

PRECEDENCE  FLUC 

PLANNINC  MH  FLUC 

OTH  PLAN  DELAY  FLUC 

MATL  LEADTIME  FLUC 

PGMR  PROC 

TIME  TO  PLN  4  TO  4  FM  M.C. 
TIME  TO  4  FM  CH  R  4  R 
M.C.  PROC  TIME 
IN  PROG  TIME  FLUC 
EST  MATL  REORDER 
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FUNCTION  UF(IFN) 

COMMON  /Q VAR/  N DE , N FTBU ( I  00 ) , N REL ( 1 00 ) , N REL P ( I  00 ) . 

A  NREL2 ( 100) ,NRUN,NRUNS,NTC( 100) , P ARAM ( 100,4) ,  T  BEG ,  TNOW 

DIMENSION  ATT (14),  K(4) 

C 

CO  TO  ( l, 2. 3. 4, 5, 6, 7, 8), I FN 
C 

1  UF  -  0.0 
C 

C  *  ASSIGNING  VALUES  TO  ATTRIBUTES  1  TO  13 
C 

C  **  ATTRIBUTE  l  -  WORK  CLASS  -  0-BLANK  I-MAINT  2-REPAIR 
C  3-CONSTRUCTION 

C 

C  **  ATTRIBUTE  2  -  SPECIAL  INTEREST  CODE  -  1-CMD  INT 
C  2-FIRE  PROT  3-HOSP  4-8TH  AF  5-COMMUN  6-W.S.A. 

C  7-DORM  REHAB  8-BOMBCOMP 

C 

C  **  ATTRIBUTE  3  -  PRIORITY 

C 

C  **  ATTRIBUTE  4  -  NUMBER  OF  SHOPS 
C 

C  **  ATTRIBUTE  5  -  ESTIMATED  MANHOURS 

C 

C  **  ATTRIBUTE  6  -  ESTIMATED  MATERIALS 
C 

C  **  ATTRIBUTE  7  -  APPROVAL  AUTHORITY  -  0-PCC  1-RAR  2-BCE 
C  3-FB  OR  HIGHER 

C 

C  **  ATTRIBUTE  8  -  PRECEDENCE 
C 

C  **  ATTRIBUTE  9  -  DISPOSITION  -  O-DISAPPROVED  I-JOB  0 RD 
C  2-CONTRACT  3-WORK  ORDER 

C 

C  **  ATTRIBUTES  10  THRU  14  -  WORK  REQUEST  ROUTING 
C  10  -  UNACCEPTIBLE 

C  11  -  NEEDS  PLANNING  EVALUATION 

C  12  -  NEEDS  ENGINEERING  EVALUATION 

C  13  -  NEEDS  OTHER  EVALUATION 

C  14  -  SENT  BACK  OR  CANCELLED  AFTER  EVALUATIONS 

C 

Ri  -  DRAND ( - 1 . ) 

R2  -  DRAND ( -2 . ) 

R3  -  DRAND(-3.) 

R  4  -  DRAND (-4. ) 

K  (  1  )  -  0 
K  (  2  )  -  0 
K  (  3  )  -  1 
K<4)  -  1 


142 


IF  (R2.LT. 0.638)  CO  TO  10 

IF  (R2.LT. 0.801)  CO  TO  14 

IF  (R2.LT. 0.863)  CO  TO  18 

IF  (R2.LT. 0.910)  CO  TO  21 

IF  (R2.LT. 0.926)  CO  TO  24 

IF  (R2 .IT. 0.953)  CO  TO  25 

IF  (R2.LT. 0.984)  GO  TO  27 

IF  (R2.LT. 0.992)  GO  TO  29 

K(l)  -  3 
K(2)  -  8 

IF  (R4.GT.0.5)  K ( 4 )  -  2 
CO  TO  30 

10  IF  (Rl.GT. 0.516)  CO  TO  13 
IF  (R1 .CT. 0.342)  CO  TO  12 
IF  (Rl.GT. 0.1  10)  CO  TO  11 
K(3)  -  2 

IF  (R3.GT. 0.294)  K(3)  -  3 

IF  (R3.GT. 0.941)  K(3)  -  4 

IF  (R4.GT. 0.278)  K(4)  -  2 

IF  (R4.GT. 0.611)  K ( 4 )  -  3 

IF  (R4.GT. 0.667)  K(4)  -  4 

IF  (R4.CT. 0.944)  K ( 4 )  -  5 

CO  TO  30 

11  K ( 1 )  -  1 
K  (  3 )  -  2 

IF  (R3.CT. 0.222)  K(3)  -  3 

IF  (R3.GT. 0.944)  K(3)  -  4 

IF  (R4.CT. 0.243)  K<4)  -  2 

IF  (R4.GT. 0.675)  K(4)  -  3 

IF  (R4.CT.0. 756)  K(4)  -  4 

IF  (R4.CT. 0.864)  K(4)  -  5 

IF  (R4.CT. 0.891 )  K(4)  -  6 

IF  (R4.CT. 0.945)  K(4)  -  7 

CO  TO  30 

12  K ( 1 )  -  2 

IF  (R3.GT.0. 148)  K ( 3 )  -  2 

IF  (R3.CT. 0.629)  K(3)  -  3 

IF  (R4.CT. 0.259)  K(4)  -  2 

IF  (R4.GT. 0.592)  K(4)  -  3 

IF  (R4.CT. 0.888)  K(4)  -  4 

IF  (R4.GT. 0.925)  K(4)  -  5 

IF  (R4.CT. 0.962)  K(4)  -  6 

CO  TO  30 

13  K  (  1 )  -  3 

IF  (R3.CT. 0.040)  K(3)  -  2 

IF  (R3.GT. 0.707)  K ( 3 )  -  3 

IF  (R3.CT. 0.880)  K ( 3 )  -  4 

IF  (R4.CT. 0.317)  K(4)  •  2 

IF  (R4.CT. 0.512)  K(4)  •  3 


1^3 


IF  (R4.CT.0. 756)  K(4)  -  4 

IF  (R4.CT. 0.878)  K(4)  -  S 

IF  (R4.GT. 0.927)  K(4)  -  6 

IF  (R4.GT. 0.964)  K(4)  -  7 

GO  TO  30 

14  K ( 2 )  -  1 

IF  (Rl .GT. 0.486)  CO  TO  17 
IF  (Rl .GT. 0.257)  CO  TO  16 
IF  (Rl .GT. 0.057)  GO  TO  15 
K  (  3  )  -  4 
K(4)  -  3 

IF  (R4.GT. 0.667)  K ( 4 )  -  5 
GO  TO  30 

15  K ( 1 )  -  1 
K(3)  -  2 

IF  (R3.GT.0. 143)  K(3)  -  3 

IF  (R3.CT. 0.572)  K(3)  -  4 

K(4)  -  2 

IF  (R4.GT.0. 143)  K ( 4 )  -  3 

IF  (R4.GT. 0.429)  K(4)  -  4 

IF  (R4.GT. 0.858)  K(4)  -  5 

CO  TO  30 

16  K ( 1 )  -  2 
K  ( 3  )  -  2 

IF  (R3.GT.0. 1 25)  K(3)  -  3 
IF  (R3.GT. 0.625)  K(3)  -  4 
K(4)  -  2 

IF  (R4.GT. 0.111)  K ( 4 )  -  3 

IF  (R4.GT. 0.555)  K(4)  -  4 

IF  (R4.CT. 0.888)  K(4)  -  6 

GO  TO  30 

17  K ( 1 )  -  3 
K(3)  -  2 

IF  (R3.GT. 0.389)  K(3)  -  3 

IF  (R3.GT. 0.611)  K( 3 )  -  4 

IF  (R4.GT. 0.304)  K ( 4 )  -  2 

IF  (R4.GT. 0.434)  K(4)  -  3 

IF  (R4.CT. 0.651)  K(4)  -  4 

IF  (R4.GT. 0.694)  K(4)  -  5 

IF  (R4.CT. 0.911)  K ( 4 )  -  6 

GO  TO  30 

18  K ( 2 )  -  2 

IF  (Rl .GT. 0.375)  GO  TO  20 
IF  (Rl .GT. 0.250)  CO  TO  19 
K(l)  -  l 
K(3)  -  2 

IF  (R3.GT. 0.750)  K(3)  -  3 

IF  (R4.CT. 0.500)  K(4)  -  2 

CO  TO  30 
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19  K ( 1 )  -  2 
<(3)  -  2 
GO  TO  30 

20  K ( 1 )  -  3 
K(3)  -  3 

IF  (R4.GT.0.50)  K(4)  -  2 
IF  (R4.GT.0.70)  K(4)  -  3 
IF  (R4.GT.0.90)  K(4)  *  4 
CO  TO  30 

21  K( 2 )  -  3 

IF  (Rl.CT.0.8)  GO  TO  23 
IF  (Rl.GT.0.4)  GO  TO  22 
K(3)  -  2 

IF  (R3.GT. 0.750)  K(3)  -  3 
IF  (R4.CT. 0.333)  K(4)  -  2 
IF  (R4 .GT. 0.667)  K ( 4 )  -  4 
IF  (R4.GT. 0.833)  K(4)  -  5 
GO  TO  30 

22  K ( 1 )  -  1 
K(3)  -  3 

IF  (R4.GT.0.50)  K(4)  -  3 
IF  (R4.CT.0.75)  K(4)  -  5 
GO  TO  30 

23  K(l)  -  3 
K(3)  -  2 

IF  (R3.GT.0.5)  K ( 3 )  -  4 
K(4)  -  2 

IF  (R4.GT.0.5)  lt(4)  -  3 
GO  TO  30 

24  K ( 1 )  -  1 
ft  (  2  )  -  4 
K(3)  -  2 

IF  (R3.GT.0.25)  K(3)  -  3 
IF  (R4.GT.0.50)  K(4)  -  2 
IF  (R4.GT.0.75)  K(4)  -  3 
GO  TO  30 

25  K ( 2 )  -  5 

IF  (Rl.GT.0.25)  GO  TO  26 
ft(l)  -  1 
K(3)  -  2 
CO  TO  30 

26  ltd)  -  3 
K ( 3)  -  2 

IF  (R3.GT. 0.667)  K(3)  •  3 
IF  (R4.GT.0.2)  It  ( 4 )  -  2 
IF  (R4.GT.0.4)  K ( 4 )  •  3 
IF  (R4.CT.0.6)  K(4)  -  6 
IF  (R4.GT.0.8)  K ( 4 )  -  7 
GO  TO  30 
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27  K  ( 2 )  -  6 

IF  ( R 1 .GT.O. 167)  GO  TO  28 
K  <  I  )  -  1 
K  ( 3 )  -  3 
K<4)  -  4 
GO  TO  30 

28  K ( 1 )  -  3 
K(3)  -  2 
K(4)  -  2 

IF  (R4. GT.O. 143)  K(4)  -  3 
IF  (R4. GT.O. 714)  K(4)  -  4 
IF  (R4. GT.O. 857)  K(4)  -  6 
GO  TO  30 

29  K ( 1 )  -  3 
R  ( 2  )  -  7 
K  ( 3 )  -  2 

IF  (R3.GT.0.5)  K ( 3 )  -  3 
IF  (R4.GT.0.5)  K ( 4 )  -  3 

30  DO  31  1-1,4 

ATT ( I )  -  FLOAT ( K ( I ) ) 

31  CONTINUE 
WC  -  0.0 
SI  -  0.0 

IF  (K(l).EQ.l)  WC  -  40 . 8  IS 


IF  (K(l).EQ.l)  WC  -  40.8196 
IF  (K(1).EQ.2)  WC  -  97.2647 
IF  (K(2).EQ.l)  SI  •  89.4413 
IF  (K(2).EQ*4)  SI  -  111.4747 
IF  (K  ( 2 ) . EQ . 5 )  SI  •  68.7316 
IF  (K(2).EQ«6)  SI  -  91.9906 
IF  (K(2).EQ.8)  SI  -  141.4610 
32  ATT  ( 5 )  -  ATT  (4)  *36. 849  5  +  WC  +  SI  -  6.3595  N0(15) 

IF  (ATT (5) .LE.8.0)  CO  TO  32 
WC  -  0.0 
SI  -  0.0 

IF  (K(l).EQ.l)  WC  -  863.3730 
IF  (K(1).EQ.2)  WC  -  434.8407 
IF  (K(2).EQ.l)  SI  -  -344.6478 
IF  (K(2).EQ.4)  SI  -  -1773.1925 
ATT ( 6 )  -  ATT (5) *6.0976  -  ATT (4)^185.8713  + 
i  WC  +  SI  +  475.9245  ♦  NO(t6) 

IF  (ATT ( 6 ) . LT. 0 . 0 )  ATT ( 6 )  -  0.0 
ATT ( 7 )  -  0.0 

ESTCT  -  ATT (5) *12.67  ♦  ATT ( 6 ) 

IF  (K(1).EQ.3)  GO  TO  35 
IF  (K(l).EQ.2)  GO  TO  34 
IF  (K(l).EQ.l)  GO  TO  33 
IF  (ESTCT. GE. 10000. )  ATT ( 7 )  -  1.0 
IF  (ESTCT. GE. 50000. )  ATT( 7)  -  2.0 
CO  TO  36 


ATT ( 6 ) 


o  o  o  o  n  o 


33  IF  (ESTCT. GE. 250000. )  ATT ( 7 )  -  2.0 
IF  (ESTCT. GE. 100000. )  ATT ( 7 )  -  3.0 
GO  TO  36 

34  IF  (ESTCT. GE. 25000. )  ATT ( 7 )  -  2.0 
IF  (ESTCT. GE. 50000.  )  ATT ( 7 )  -  3.0 
GO  TO  36 

35  IF  (ESTCT. GE. 2500.)  ATT ( 7 )  -  1.0 
IF  (ESTCT. GE. 10000. )  ATT ( 7 )  -  2.0 
IF  (ESTCT. GE. 25000. )  ATT ( 7 )  -  3.0 

36  WC  -  0.0 
SI  -  0.0 
PR  -  0.0 

IF  (K(l).EQ.l)  WC  -  15.0425 

IF  (K(1).EQ.2)  WC  -  21.4988 

IF  (K(1).EQ.3)  WC  -  24.0900 

IF  (K(2).EQ.l)  SI  -  >16.3056 

IF  (K(2).EQ.5)  SI  -  70.9451 

IF  ( K( 3 ) . EQ . 3 )  PR  -  22.0761 

ATT ( 8 )  -  1000. 0/(ATT(5)*0. 05852  -  ATT ( 6 ) *0 . 00 l 9 2 8  + 
4  WC  ♦  SI  ♦  PR  +  9.2613  +  NO ( I  7 ) ) 

R  -  DRAND (-5 . ) 

ATT ( 9 )  -  0.0 

IF  (R.GE. 0.101)  ATT ( 9 )  -  1.0 
IF  (R.GE. 0.487)  ATT ( 9 )  -  2.0 
IF  (R.CE. 0.582)  ATT ( 9 )  -  3.0 
DO  37  1-10,14 
ATT ( I )  -  0.0 

37  CONTINUE 

R  -  DRAND (-6 . ) 

IF  (R. IE. 0.198)  ATT (10)  -  2.0 
R  -  DRAND  ( -  7  .  ) 

IF  (K(1).EQ.3)  GO  TO  38 
IF  (R.LE.0.21)  ATT (11)  -  2.0 
GO  TO  39 

38  IF  (R.LE. 0.890)  ATT (11)  -  2.0 

39  R  -  DRAND ( -8 .  ) 

IF  (R.LE. 0.0614)  ATT (12)  -  2.0 
R  -  DRAND ( -9 . ) 

IF  (R.LE. 0.01172)  ATT(13)  -  2.0 
R  -  DRAND (>1 0  .  ) 

IF  (R.LE. 0.08265)  ATT(14)  -  2.0 
CALL  PUTAT(ATT) 

RETURN 

*  ASSIGNING  VALUES  TO  ATTRIBUTES  9  THRU  13 
**  ATTRIBUTE  9  -  PLANNING  MANDATS 
**  ATTRIBUTE  10  -  OTHER  PLANNING  DELAY 


OftOOfiO 


**  ATTRIBUTE  II  -  MATERIAL  LEADTIME 

**  ATTRIBUTE  12  -  WORK  ORDER  ROUTING  INDICATOR 

**  ATTRIBUTE  13  -  ACTUAL  MATERIALS-INITIALIZED  TO  ZERO 

2  CALL  GETAT ( ATT ) 

DO  40  1-9,14 
ATT(I)  -  0.0 

40  CONTINUE 

DO  41  1-1,4 

K ( I )  -  I  FIX (ATT ( I )  +  0.2) 

41  CONTINUE 
WC  -  0.0 
SI  -  0.0 
PR  -  0.0 

IF  (K(l).EQ.  1)  WC  -  -0.3366 
IF  (K(2).EQ.6)  SI  -  0.7448 
IF  (K(2) .EQ.8)  Si  -  -1 .7235 
IF  <K(3).EQ.l)  PR  -  1.5596 
IF  (K(3)«EQ.2)  PR  -  -0.2977 
IF  (K(3) . EQ . 3 )  PR  -  -0.4443 
IF  ( K ( 3 ) • EQ . 4 )  PR  -  -0.5476 

ATT ( 9 )  -  ATT(4) *0.06634  +  ATT ( 5 ) *0 . 000 7 7 5  ♦  WC  +  SI  ♦ 

&  PR  ♦  0.9173  ♦  NO ( 1 8 ) 

IF  (ATT ( 9 ) . LT. 0 . 0 )  ATT ( 9 )  -  0.0 
WC  -  0.0 
SI  -  0.0 
PR  -  0.0 

IF  (K(l).EQ.3)  WC  -  -2.9921 
IF  (K(2) .EQ. 1 )  SI  -  3.  3375 
IF  (K(2)»EQ.7)  SI  -  69.691 
IF  (K(3) • EQ . 2 )  PR  -  4.4593 

ATT (10)  -  ATT(9) *2.6297  ♦  WC  +  SI  ♦  PR  +  3.0417  ♦  NO(19) 

42  IF  (K(l).EQ.l)  WC  -  -10.2961 
IF  (K(l).EQ.2)  WC  -  38.6771 
IF  (K ( 1 ) . EQ  >  3 )  WC  -  20.8784 
IF  (K(2).EQ.l)  SI  -  -36.7407 
IF  (K(2).EQ.2)  SI  -  19.4910 
IF  (K(2).EQ.3)  SI  -  -21.5572 
IF  (K(2).EQ.5)  SI  -  -50.4506 
IF  (K(3).EQ.l)  PR  -  -87.2948 
IF  (K(3) . EQ . 2 )  PR  -  -38.8464 
IF  (K(3).EQ.3)  PR  -  -27.9634 
IF  (K(3).EQ.4)  PR  -  -44.1655 

59  ATT ( l  l  )  -  ATT(4) *2 .8997  ♦  ATT(6) *0.0041  + 

6  WC  +  SI  +  PR  +  87.1651  +  N0(20) 

IF  ( ATT (ll).LT.l.O)  ATT (11)  -  1.0 


ooo  o  n  n  n  ooooooo 


IF  (IFN.EQ.3)  CO  TO  61 
CALL  PATR3 ( ATT ( 9 ) , 9 ) 
CALL  PATRB(ATT( 10)  ,  10) 
CALL  PATRB(ATT ( I  I) ,11) 
CALL  PATRB(ATT( 12) , 12) 
CALL  PATRB(ATT( 13)  ,  13) 
CALL  P ATRB ( ATT (14) ,14) 
RETURN 


c  * 

ASSIGNING  NEW 

VALUES  TO 

ATTRIBUTES 

L 

c  ** 

ATTRIBUTE  6  - 

ESTIMATED 

MATERIALS 

c  ** 

c 

ATTRIBUTE  11 

-  MATERIAL 

LEADTIME 

V# 

3  UF 

-  0.0 

CALL  GETAT ( ATT) 

ATT ( 6 )  -  TR ( 2  7 ) 

DO  60  I  -  1,4 
K ( I )  -  I  FIX (ATT ( I )  +  0.2) 

60  CONTINUE 
CO  TO  42 

61  ATT (12)  -  5.0 

CALL  P ATRB (ATT ( 6 ) , 6 ) 

CALL  PATRB(ATT( 1 1 ) , 1 1 ) 

CALL  PATRB(ATT( 12) , 12) 

RETURN 

*  DETERMINING  WHETHER  THE  FIRST  FUTURE  MONTH 
IWP  IS  FULL  YET. 

4  UF  -  0. I 

CALL  P ATRB (0.0,14) 

AHR  -  CATRB ( 5 )  +  AHR 
RHR  -  20000.  -  AHR 
IF  (RHR. LE. 0.0)  RETURN 
NR EL 2 (42)  -  NREL2(42)  ♦  1 
CALL  P ATRB (2.0,14) 

RETURN 

*  UNFILLING  THE  FIRST  FUTURE  MONTH  IWP. 

5  AHR  -  AHR  -  GATRB ( 5) 

IF  (GATRB( 14) .LT. I . )  CO  TO  62 
N REL2 (42)  -  NREL2(42)  -  1 

62  UF  -  0.0 
RETURN 
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ooooo  non  non 


*  DETERMINING  WHETHER  NEXT  WEEKS  SCHEDULE 
IS  FULL  YET. 

6  ur  -  0.1 

BHR  -  GATRB ( 5 )  +  BHR 
RHR  -  5000.  -  BHR 
IP  (RHR. LE. 0.0)  RETURN 
NREL2(46)  -  NREL2  ( 46 )  ♦  1 
CALL  P ATRB (2.0, 14) 

RETURN 

*  UNFILLINC  NEXT  WEEKS  SCHEDULE  TO  THE  SHOPS. 

7  BHR  -  BHR  -  GAT R  B ( 5 ) 

IF  (GATRB ( 1 4 ) . LT . 1 . )  GO  TO  63 
N REL 2(46)  -  NREL2(46)  -  1 
63  UF  -  0.0 
RETURN 

*  DETERMINING  THE  ACTUAL  TIME  THE  JOB  WILL  BE  IN 
THE  SHOPS  (ATTRIBUTE  14)  AND  THE  SERVICE  TIME 
TIME  BEFORE  THE  NEXT  JOB  CAN  START. 


8  CALL  GETAT(ATT) 

DO  64  1-1  ,  3 

K(I)  -  IFlX(ATT(l)+0.2) 
64  CONTINUE 
WC  -  0.0 


SI  -  0.0 
PR  -  0.0 

IF  (K(l).EQ.l)  WC  -  7.771 

IF  (K(2).EQ.l)  SI  -  15.209 

IF  ( K ( 3 ) • EQ . 1 )  PR  -  -19.503 

IF  (K ( 3 ) *  EQ . 2 )  PR  -  -25.540 

IF  (K ( 3 ) . EQ . 3 )  PR  -  -25.663 

IF  (K(3).EQ.4)  PR  -  -33.486 

R  -  ATT (  4  )  •  ( - 1 .98)  ♦  ATT ( 5 ) *0 . 0 9 1 2  ♦ 


4  WC  ♦  SI  ♦  WC  ♦  PR  ♦  34.963  ♦  NO(26) 

IF  (R.LT.0.5)  R  -  0.5 
CALL  ? ATRB (R, 14) 

IF  (ATT (4) . L  E . 0 . 5  )  ATT ( 4  )  -  1.0 
UF  -  (ATT(5) / 1 6 . 0 ) /ATT(4) 

IF  (UF.LT.0.01)  UF  -  0.01 

RETURN 

END 
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